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PEEFATOEY 5^0TE 


Amon^ the subjects to be handled in the Enciuiry into tlie 
Intensification of Agricultural Production ” set u]) by r(\solution of 
the F'ifth General Assembly (J920) of the International Institute of 
Agriculture “ regardiiif? measures of every kind taken by the various 
countries during the War 'and since the cessation of hos1ilili<‘S to 
increase and render more intensive agricult uial production there 
appeared as the twelftli ])oint the followin^^ : 

’ Measures taken to encourage tlie c-ollection and conversion by 
mj^nufaeturin" processes of waste material in vi(‘w of tlieir utilisation 
as food or feedin^'stutTs, in the maiiuracture of tertilisius . . . etc/’. 

'Fhis subjcT.t has been IrcatiMl in detail in this monofi:ra])h, whi(‘h 
is emj)halically the work of a technician for technicians, ket‘pin^ as 
jnain objective the a])plication (d' the various tojnes to agriculture 
and to the int(*r(‘sls of farmers. 

The publi(‘ation of the Fnmch edition by the InsIltuUr has beim 
followed by that of an Italian e<lilion publislual, under the ausidees 
of the Institute, by the firm ol‘ M, Ilocjdi of Milan. 

The Italian edition contains a considerabh* number ol‘ additions, 
and the translation into Enj^lish has been so a.rian^u‘d as to blend the 
two prccedin^^ editions into one. This En^dish v(usion, for this 
reason and also on ac/coynt of later additions made durin^^ its jm^jiara- 
tion, is thus to be rej^ard(‘d as brought uj) to ilate in every resijcct 
and as being complefe in form in comparison with the Erench edition, 
which had so favourabh‘ a rcc(‘ption in scientilic and agricultural 
circles. 
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INTRODUCTION 


The small yield of the ordinary crops, due to the reduced supply 
or complete lack of labour, to the scarcity of capital and shortafje of 
fertilisers ; the re-appearance of malaria ; the damage done by water- 
courses no longer properly regulated ; the want or exjr('me scarcity 
of selected seeds ; the groat difficulty of transport and (iomniunicalion ; 
the imperative necessity for provisioning armies and investing forces ; 
such •were the causes that brought about during tlu! War so serious 
a diminution jn the supplies of food whedher for man or live-stock 
OD«all markets, and in (ionsequence made it necessary and even a matter 
of urgency to investigaliC local means of production and internal sources 
hitherto neglected. 

It was thus inevitable that waste products and olTals should be 
utilised and substitutes manufactured. Such substitutes might, well 
have no element of the products they rejilaced beyond the name to 
which was added some epithet intended either to conceal or to indicate 
their origin. The waste products and oiTals whether of the manufac- 
tining industries or of the food trades were t urned t,o use : materials 
were utilised which had formerly been regardcul as of no value from 
the point of view of liuuian food ; and a lurther step was taken in 
bringing in raw materials which up to that iime had never been used 
as food. 

The purpose of this monograph is to show in detail all that, has 
been done in the dilferent countries during the War ami also afterwards 
(1914-1922). along legislative, administrative and teelinical lines, as 
regards the utilisation of the by-products of imlustry, of offals and 
re8idue,8 of all kinds, of raw materials up to then completely negl- 
ected, for the manufacture of products s\iitable for the food of man 
and live-stock and for the jireparation of various fertilisers. 

For many of these products no new process w'as involved, but 
merely bringing up to date and improvement of jn'oeesses ; for others 
it tias a question of fresh application of uiethods already known ; 
for others, on the contrary, entirely new processes, often ingenious 
ones, had to be employed. 

. Tt will appear that use wns made of ex))edienl8 devised on the 
spur of the moipent,, of processes adoi)ted witRoul precedent in the 
industry. .But the eager quest of new methods or the bringing uj) 
to date of disused former^raethods has brought to light much of unsus- 
pected value, as v^ell as many ways of incaeasing the stocks of food, 
the fertilisers, and the raw materials of numerous agricultural imlustries, 
of future as well as of immediate importance. 
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Ab regards methods already familiar, we shall concern oiirsel'ves 
with them only so far as they present some new aspedl of importance, 
not taken into account before 1914. It would be unnecessary, and 
also uninteresting, for example, to describe the application to the feed- 
ing of man and animals and to the fertilisation of the soil ol the waste 
products of dairying, of milling of cereals, of the manufactuie of 'vege- 
table oils, etc. It is not however proposed to omit all reference 
to tlu^se : and so to make the account more or less complete, a simple 
mention of these residues and offals will be made when neces- 
sary. The reader will thus find a comprehensive survey which will 
enable him to obtain the full information he may require, even if he 
refers only to th(^ sources here quoted. For that reason pre-war pub- 
lications are also quoted, where anyone anxious to acquaint hiini- 
self with a subject in detail might, usefully consult them. . 

No w^ork as yet. exists giving a description of all, nor even the jjrip- 
ei])al ])ro<lnets, dealt with in this monograph. There are, it h Irne, 
numcu'oiis publications on sjacial points, and also on gioups of inodiicfs 
and by products, but we have not sueceede<i in finding a work inteiyle^l 
to make generally known, in the interest of the agriculturists of the 
world, the most important and notew'orlhy facts as to the utilisation 
of otfals and residues, in particular during the time of the War. 

Hy “the most iin])ortaiit ” is meant in special refeunce to the 
crisis which occasioned the invention or the ajqdication (d’ a juccess, 
but it is not t-o be inferred that, this im])ortance need suivive at the 
present time for all i)roc(‘Sses w ithout distinction. 

It is ])roposed to give an account not only of what has been done 
in the matter of utilisation of waste material to meet the difficult 
position, created by-tlu^. shortage or a])Senee ol raw materials, but also 
what, is being done now and what may done in the fntnie. All the 
investigations, the (‘nqniries, the exjuaimenls, the manufacturing JUD- 
cesses that made it possible for millions, during the war, to light 
famini‘ for themselves and their beasts, are not to be allowed to i)as8 
into oblivion ! 

There is, howevm-, now no (juestion of repeating all these pro- 
cesses beeause of any utility each one had at the time; the point 
rather is to j)ros(uve and to rept^al those that arc of T(^al economic 
value ; the remainder will jaiss into the ])ast history of alimentation 
and of agricultural technique and wdll thus take a place in the wider 
subject of the War and its painful consequences. 

The reader, then, will judge of the contents of this monograph, 
case by case : he will take into consideration the needs of agriculture 
in his own country, its resources both as regards food and feerling 
stuffs and manufactures, the supply of raw' materials and methods of 
working them up, the state of international trade, ejc., before judging 
whether it is wmrth while to give a trial to any parlicujar product 
or, in certain cases, to improve the^ methods of manufacturing any 
product. ^ 

Tlfi‘ subject of this book ivS undoubtetlly only a part of the general 
survey of the sustained effort each country at war had to make, both. 
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(luring and after the hostilities, to meet the ever increasing solircity 
of raw materiaftPand industrial products indisiJensable to the normal 
life of society. It forms, however, no insignificant part of that survey, 
and one which if considered in its various aspects may afi'ord some 
guidance for preseni and future aclion. 

The utilisation by agriculture of waste material, as hitherto 
practised, has not always been conducted on sound technical and eco- 
nomic lines. The quantity of waste products that are lost through 
negligence or intentionally thrown away is still large, and in certain 
cases, very large. Manufactnring processes in use are often still so 
far not perfected that the raw material subjected to them only yields 
a part of its value : in fact, if 100 represents the potential utility value 
of any raw material used in manufactures or in foods, in conversion 
of these potential into real utilities, it. ficqucntly happei|^ that not, all 
the 100 units are uiilizcd : a greater or less ])ercentage remain still 
potential and are lost . This is not always a result of the intrinsic 
prcjpcrtics of Aie substance, but of ilefects in the jneihods of utilisa- 
tion. If these loss(^s were to be estimated cy(‘U api)]'oximately, they 
would rexuesent very large sums. The (|ueslion is thus one t hat arises 
and its solution must, be sought along the lines of most advantage to 
agriculture. 

It must be recognized that there was a distinct improvement 
in this respect during the war when ilu^ s(‘.arcity or comphde absence 
of certain raw iiiaterials, the dilh(nilty or impossibility of transport, 
the great reduction in the suxqdy of labour, the diminished production, 
etc. led the different pe^oples to find ways of turning to aee,ouiit, waste 
material up to that time practically ignored, and wild plants, so 
far very little and merely locally uscul ; there were thus obtained, as 
we shall S(M‘ later, immense quantities of food for men and for live- 
stock, fertilizers and other valuable substaiiees, thus enabling the large 
populations to satisfy, at least in part, their food requirements and 
the needs of theJr agriculture. 

But even in this time of exceptional stress, the utilisation of waste 
material was not conixdete, nor was it, everywhere s(*ientifi(*ally 
carried out, while on the other hand certain materials were then turned 
to account which could not be*, so treated now, on account of their 
high (iost. Tt must not be supposed that any speeilie ofTal or residue 
can be utilised with advantage : this is possible wilh some of them no 
matter where they are proeliiccd ; but in tlie case of olhei s, it is neces- 
sary to determine in each ease by luelimiuary investigations and by 
careful experiment, whether they are leally woith utilising. For this 
reason it seem advisable and even essential that institutions for x^ro- 
raoting progress ij^ agriculture should include woii: of this kind in Iheir 
programmqp. As regards waste materials requiring no fresh investi- 
gation for their utilisation^ it is enough to set on foot piopaganda for 
the encoui‘agement^ of then* (collection, x>^’^'^t‘^'^ation, manipulation and 
employment ; but for those the use of which is lit tle known anfl which 
are thus either w^holly or partially neghneted, local enquiiics anfl in- 
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vestigationfi are necessary, both on the technical and on the economic 
Mde, and as soon as it is clear that it would be wortif wliile to make 
use of them, no means should be omitted of bringing them to the know- 
ledge of agriculturists and of urging their application. 

In this publication, which necessarily is of an international char- 
acter, such investigations are out of the question. For this reason 
it has been thought belter to refrain from making calculations of the 
costs of production, of manipulation, of transport and of application, etc., 
since the figures relating to these points would have a purely local 
value, i. e. only for the region to wliicdi they relate. The reader must 
make up for the absence of these figures by choosing the waste products 
which he thinks he could utilise and by applying to these the dp;ta 
resulting from his own practical exi)erience and from his knowledge 
of local conditions. \ 

Part- II yf this monograph consists of detailed descriptions of the 
origin, characteristics, pro])erties, and principal methods of utilisatilpn 
of such olTals and residues as are of value to the farmer, a value 
sometimes remarkably high, sometimes only limited, l)ut; alwjiys 
worth taking into consideration, whet her as likely to increase the stocks 
of food and feeding stuffs, or to supply the soil with a gr(‘ater quantity 
of fertilising substan(*;e8. 

All kinds of waste materials even tlu^ less well-knovn, have been 
here brought together, so as to render the account- as complete as pos- 
sible, and perhaps instructive in view of future requirements. 

It seems advisable to mak(^ some suggestions as to jnopaganda 
which governments and institutions for promoting agricidtnral pro- 
gress sliould em})loy to disseminate among agrieultnrists information 
necessary to the ntilisation ol refuse. The i)roblem of such utilisa- 
tion may seem a small om^, if each offal or residue be taken separately ; 
but it is not so when considered as a whole, i. e. when the aim is recog- 
nized as the employment for the feeding of men or live-stock, or 
for the fertilisation o t he soil, of enormous quantities of substances 
whi<di in many countries are still completely neghn-led or only in 
partial use. 

Pro])aganda may be made effective in two Avays : 1) by oral 
exposition, wlum possible aceom])anied by (Umonstration, addressed 
directly to agriculturists by s\ntable lectimus, such as dci)artmental 
instructors, instructors of travelling schools of Agriculture and the 
like ; 2) by the circidation in country districts and among manufac- 
turers of suitable leaflets, short, clear, practical, and well illustrated, 
of the type of t he e\c(dlent BnJJciiva which the Ministry of Agriculture 
of the United ^St-al#^s scatters in thousands among American agricul- 
turists and sends also widely into other countries. Publications of 
this kind, based on fnets verified by expe^riment an(^ on a knowledge 
of the conditions of the particular branch of agriculture it js intended 
to stunulate, are always of great efficacy. It is obviously impossible 
to adopt for all countries alike one set form of presentation of the sub- 
ject or’* even of printing, but there can be no dimculty in adapting 
the f^rm to the special conditions of each nation. 
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For propaganda on this extensile scale the action of an intierna- 
tibnal institntida might be of gieat use and the International Institute 
of Agriculture should be particularly well qualified to undertake it* 
It could prepare and send out, on the request of the competent author- 
ities of the adherent States, either a complete documentation on the 
given waste product or residue, or a practical memorandum of a general 
character, capable of adaptation by addition or modification to the 
special conditions of the given country, or on oc(;asion both the (iocu- 
mentation and the memorandum. 

It is beyond doubt that it a more scientific and more intensive 
utilisation of waste material can be achieved, it will mean a saving 
of hundreds of million of francs to the r(‘8ources of a large number 
of countries. The statistics nqiroduced in Part 11 of this monograph 
are proof of the accuracy of this statement. 

The character and purpose of this publication has been made 
sufficiently clear in the preceding pages. If it succeeds in jiiacing 
before agricullurists certain suggestions, technical infoimalion and 
data on the utilisation of tiie xuodiicts ; if it succeeds in rousing in 
tbem a wish to try to turn to account the raw materials or residues 
hitherto neglected or to improve the utilisation of other products 
already in use; if in other words, this work may form a modest contri- 
bution to the increase in the means by which men, animals and plants 
are nourished, it will have attained its aim and the International 
Institute of Agriculture will liave added one more to the useful series 
of publications it s])reads throughout the world. 
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LEGISLATIVE AND ADMINISTRATIVE MEASURES FOR 
THE UTILISATION OF WASTE PRODUCTS AS FOOD AND 
FEEDING STUFFS, AS FERTILISERS, AND IN CERTAIN 
INDUSTRIES. 




As regards the collection of refuse and wuste i)roduc1s of all kinds, 
which could be used to a greater or less degree as food lor man or live- 
stock, or as fertiliser, etc., the diflereni heliigerent slates issued a large 
number of enactments and decrees, and in some, as we shall see, an 
active propaganda was carried out. in the form of leaflets, lectures, etc., 
to encourage the people at large to undertake Ihis collection, and so to 
reduce as far as possible the consumption of food. 

But though there was an active collection of certain waste pro- 
ducts, bccause'a good price was paid for them by manufacturers of 
substitutes, others and especially t hose that were very wi('ely scattered, 
such as leaves and various forms (tf v(‘gelable refuse, weie not largely 
employed in many states. Tt was however a different matter in (lEH- 
MANY, where, as will be shown later, a highly develo]ied organisa- 
tion of special Commissions was charged with the duty of arranging 
for the collection of every kind of waste product with a comiileteness 
far beyond that shown by any other of the belligerent states. The 
fact is readily explained by the influence cxercisr'd by the blockade 
from the beginning-on the general economic situation of the (Jerman 
Empire and its allies. 

The legislative, and administrative measures dealt, with in this 
section provide, as regards certain of the belligerent states, and espe- 
cially those of Central Europe which were for so long subjected to the 
blockade, a vast amount (»f material from which it will be sufficient merely 
to select that which is most closely concerned wit h t he subject for the 
sake of brevity and practicality. 

This ap])ears t.o be the best rnethoil to adopt inasmuch as many 
of these legislative and administrative measures are already obsolete, 
and are in any case inairirlicable to irrestnl. conditions. The names of 
the publications containing these nreasures will b(“ given for the benefit 
of those who may require, to make a more detailed study of the qinrstion. 
As also the majority of the processes described in I’art JI arc the result 
of studies and experiments made by government departments, experi- 
mental institutions, societies, manufacturing firms and individuals, 
care has been taken to assign t he credit l.o the ])roiier quart (‘r in each 
instance. 

The necessity has not. been overlooked foi' making a full historical 
documentali'on, such as to (‘nable the reader to find in a single pub- 
lication a full account of 3.11 the rneasures adopted. He will thus have 
the opportunity of estimating the importance of those* that are y»f most 
interest to him, from the point of view of their practical application 
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and possible improvements through the use of the readier working 
methods now available as a result of the better condi4)h)ns of industry 
in general and of agriculture in particular. 

Mention has already been made of the special conditions affect- 
ing the Central Emjiires in the matter of their food supply ; the reader 
will note that in the account to be given in the following pages the meas- 
ures taken in Gernuiny for the utilisation of refuse and waste products 
are far more imijortant both as regards number and signifieanee than 
any similar measures taken either by the Allies or hj the United 
States. 

As already staled, this difference is mainly <lue to the blockii^ie : 
in fact while th(^ Alli(Ml States could in spite of the submarine warlarc* 
readily excdiange t heir products and obtain Hupi)lies Crom their coloiiies, 
from the Dominions and America, the Central St ates, hemmesd in more 
closely every day by land and sea, were soon oblig(»d ta r^ly 
solely on their own native resource*, s as regards raw materials for in- 
dustries and agricultural ])roducts. And as before the Var the imijor- 
tation of raw matcuials .ind of certain agricidt nial j^rcHlucts was con- 
sidera[)le, means had to be found, even whim taking into account the 
reduciMl con8iim])tion due to rationing, for making good the absence 
of imports ; accordingly attention was s])ecially dii ceded to the ])os- 
sible utilisation of waste* priulucts and the, manufactme of substitutes. 
The abundance and variety of substitutes sui'passed all possible pie- 
war conce})tions. Ilenci* (h‘rmany be<*ame ‘‘the country of substi- 
tutes ”, and till*, (icrnnin nation, as was abundantly shown during 
and after thi* war was indited fortunate in t hat the end of the conflict 
saw too the end of ceitain substitiiles made out of refuse that no one 
had ever thouglit of using in Ihis connection and which it would have 
been betiiu' never to use at all. 

but it must however be r(‘cognised that, speaking in general 
terms, these suhstitnt es and the utilisation of refuse enabled t he German 
peojde to j)rolong their rissistanee, though the substitutes were only 
one of the factors in this resistance and could not take the place of all 
the other factors which determined victory or defeat. 

Before treating in detail cat tle feed and feiiilisers it seems desira- 
ble to make some general stiitenients with regard to what was done 
in certain stales in the way of studying llie problem of the utilisation 
of refuse and waste i)roduets immediately after the outbreak of war. 

In CtEkmant tihe results of t he blockade were at once anticipated, 
and a lecture and ])ress iiropaganda was undertaken (particularly 
for the purpose, of enlisting the services of t he rural j)opulation in the 
securing of food supi^ies. This took the form of a wide distribution 
of printed matter t-o clergy and school-masters suggesting schemes for 
meetings and conferences in farmers’ clubs, schools and churches (1). 

(l) Of. Die Lcbvn'^m.ittihursorguiig und die Milarbvit dcr Idndlichen lievolkerung bci der 
Lcben^m-i 1 1 chrr^nrgung Vortni^sstoff fiir GeiHl IicIjo untl J^ehrer zu Vortriipen in Vereiiion, land- 
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This propaganda was one of the first pieces of work undertaken 
by the Kriegscfnahri/ngsami (War Food Commission) wdio took great 
pains to set out the most important considerations in food economy, 
with special regard to the points which experience showed 1o be ordin- 
arily the subject of question and answers at h^dures and meetings, 
and indicating the topics to which it. was necessary for the hadurers to 
devote their special attention (1). 

In the general plan followed in (bTinany from Ihe outbreak ol 
war, showing how with the frontiers (dosed food problems should 
studied, recomnumdations were made to the elfeet that in addition to 
intensive nudhods of cullivation, a belter use should be madc^ of agri- 
cultural products, and or<lers in this sense w(‘.re issucMl for all the States 
of the Empire. It was hopcxl in this way lo emj)hasise at oma^ the ne- 
cessity for a. systematic collection of refuse and waste produeds, and 
also of wild friiils (for making preserves, syru)) etc.) (13). 

In Austria, where the means available wtue much moic limiled an 
attempt was niacb^ at once lo carry out a [)laii foi- controlling the food 
suijply of the people and of tin* live stock, on llu' analogy of theCjermaii 
plan, and hundreds of measuTTs A\(‘re passed in this s(ms(‘, of which it 
is necessary h(‘re to gi\e a chronologi(‘al a(Mu:)unt (3). 

In addition to the ordinary substitutes for wh(*.at dour, (*xp(U‘i- 
inents were made with very timdy ground lu(‘erne and clov(‘r hay dour, 
and this bread was fi(‘e from any taste of hay. Several kind of moss 
were also used, and the utilisation of disinteguded straw’ was also pro- 
posed (4). 

In the Unittu) Statrs the llureau of diemistry has in reeemt years 
made important investigations into tin* utilisation of the offals of cer- 
tain agricultural products, and although in that (country the shortage*, 
in foo(l and fe(*ding st uffs brought, about by tin* war was immeasurably 
less than that exp(*ri(*nc(‘d by tin* CVntral T^)wers, the Secietary for 
Agriculture even after the war pointed out. (5) the immense* imjxulance 
of the x)roce.ss(‘.s by which certain perisliable agricull mal ])roducts can 
be transformed into material that can be ke])t and utilized as necxl 
arises. The ITnited States thus ielt the ("ffects of the war evem after 
it was over, while during the waer certain kinds of refuse to be nien- 
tioned lateu’ {e. g. se*.a weeds), were widely employeel. 


wirtsulmftlic-heii Verninrn, (lenuMiKjHalM'urlrii, uiuJ souf-timni (;lnini.uijdov«ruiistaltniigt.'n in 
Schule und Kircbe. ZnsamnienKostrllt von dnii l.i'itor (ios NucbncdilCMidioii.sto.s (Jos Kne^ser- 
nabrungsaints Dr Arno Hoffmeisteii Loipzijj, Spunnor, no drtl(> 

(1) (Jf. Die Deutsche Erndhnimfswirtfschnjl im Krietji V’oi I nigslolt Horansgobon voin 
Nacbrichtoiidicnat doa KriogHeninlinuighaiTits Uoipzig, iSpaniior, no dal(' 

(2) Cf. ELTZHACiiEn e , Die Deutsche Vtilksetiuihntthl und (hr enfthsehe A ushufujcru7t<js})la'n 
Brunswick, Vioweg \i. SoJin, 191.5 

(.1) Cf. : 1) Dr. Dudwig von Nohdeck zu Katenah, Beitrwje rur Krmfawirlschfifl, Dio 
KriegBcrnahrungswirt^liaft in Oesterreioh Parts 44-4b, Uovbn, 19 IS 

2) For the .numerous measures taken in regard lo nidbng of r iM'oaN and bniad-making. 
the work of Dr. J. Stoklasa may be coiiHul ted, /fro/ drr Zaifcitn.// .f(‘na, (J Kiseber, 1917, 
— See also, Bunuesministeriut^ rtiii Voj.ksehnahku^o Dus OeMerrcichisdie, Ernahrmvj 
problem. Part 1-3, Vieiftia, 1921-22 

(4) Stoklas^, op cit., p. 95. 

(fi) Cf. U. i9. Dapt. of Ayric. Yearbook. Washington, 1920, ii 50 
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numerous measures taken by the Allies will be conveniently 
detailed in the following chai)ter8, dealing respecti'^y with human 
food, feeding-sluflf for live-stock, fertilisers and certain agricultural 
industries. 


I. — HUMAN FOOD 

There is a si liking diiference between the number of measures 
that wTre taken in Germany in respect of human food, and that of 
the measures institutes! by the other States. 

The Prussian War Minister (1) laid down the lines and undertook 
the direction of the vast organisation cieated lor tli(‘ coll(‘Cticn not ^nly 
of raw materials, but also of all kinds of otTals and residues, an or^n- 
isation into which, as a result of the co-o] deration ol tliousands\ of 
students and school-children, the whole nation was eventually dcawn; 
thus was instituted the Kriegsausschuss iiir Sammel and llelf(?r- 
<lienst ” (War Commission and Voluntary Stuviee for collecting pia- 
terials for utilisation), subsequently know n as “ S. A. " (Sammelabteil- 
ung ") (l)e]>artment for collection of materials lor utilisation), and an 
official was atfucluMl to each Command of the Aimy Victualling Ser- 
vice, whose business it was to reiiort not only on army victualling but 
also on the food supply of the civil jiojnilation, in so fai* as the interests 
of both coincided. 

A special department of tbe Public Food Sujqdy was constituted, 
whose business it was : 1. to treat with the military StafI* authorities in 
regard to their intervimtion in tlu^ matter of the ])rovisioning of the 
civil population ; 2. to keei) itself informed of tlie state of feeling among 
civilians and of the general food situation ; 3. to repiesent the War 
Office on: all the otiiei- Ministries, Prussian as well as imperial, the 
Federal Council, the Food Commission, the State Laboiatories for In- 
spection of Food-stulfs, in fact on all bodies concerned with the food 
question, etc. For exainjde when in i9H> the “ Kriegsamt " (War 
Commissariat) was instituted, theie was assigned to it among other 
functions that of “ ananging for the distiihution of meat, and fat to 
munition-workers 

This National Food Department entrusted ex])erts with the duty 
of examining the possibilities of increasing the production of fats by 
making l)etter use of bones. Tlie expeits cani(‘ the conclusion to 
that even in time of jieace an insufficient use was made of hones, and 
that in time of war this use was even less satisfactory, because of the 
concerte<l action of persons influenced only by selfish desiie for commer- 
cial gain. The voluntary organizations which had been setupin differ- 
ent parts of the Erniuie for the purpose of collecting jill kinds of mate- 
rials still available were threatened with extinction, in consequence 
of disagreement about methods ql' administration and of mis- 


(1) cT Pi.OHN Robert, Jhitrdya KHeyHWirt^cJiaft, Part. Das SammelweBon in der 
Krieiis^irts'chaft. Berlin, 1919. 



LmiSLATIVJ^ AND ADMINISTRATIVE MEASURES, ETC. 13 

directed ecthusiaem, and the large quantities of materials already col- 
lected remaine(f stored unused in schools and public buildings. Hence 
on 29 March 1917 the War Commission and the Voluntary Service 
above mentioned were combined with the Prussian War Department, and 
the Chancellor revoked luevious measureB and gave orders that for 
the future the Food Commission should be responsible for the provi- 
sion of food stuffs, and specially for meat and fat, including supplies 
for the munition-workers. 

With a view to turning t he work of the voluntary collectors to 
better account, the Food Commission arranged that all the Central 
authorities and the offices depending on them (in so fai- as they were 
not directly subordinate to the War Commission) should work in 
harmony with the organizations of voluntary colled ors and should 
direct their efforts for the common ends. The lirst Food Commissio- 
ner Batocki, and also Ids successor von Wat>dow, did all in 1 heir 
powep to bring about a close co-operation between iJie efforts of the 
StatcBureau and of the innumerable War societies and those of the Com- 
mijjpion for the collection of material still available. The Ministry of 
Public Instruction of each of the Confederated kStates had i‘ffoctive 
support from the school managers and headmasters in inducing the 
scholars not to remit their efforts in collecting. 

The collection and revival of the use of so many different materials 
hitherto neglected as unnecessary if not valueless b(*gan with the forag- 
ing excursions organized by th(‘ peojde of f]ast Prussia who had suff’ei - 
ed from the invasion of the Russian army. As these excursions be- 
came general, it resolved itself by degrees into a matter of collecting 
whatever came to hand. The Commission appointed to for direct 
this collection was delined in the monogra])}! entitled ‘‘ Denkschrift 
zur Sarnmlung von Abfallstoffen und Wild iiuchten ”, whieli was re- 
printed three times, as an Association for tin* collection of offals an<l wild 
fruits, a x)rograinme which later had to be simjditied. But while the 
undertaking and its lesults grew' in importance, tlien^ was an increase 
too, largely for lack of capital, in the difficulties to be overcome as to 
grading, warehousing, utilization and trans])ort of the stuff collected 
and especially of the table refuse. The result was that in the spring 
of 1917 a certain further uniformity had to be introduced into this im- 
mense organisation of voluntary collectors of refuse, by the institu- 
tion of local and district offices and committe(‘s of the War Offices and 
Offices for War Economy, as wadi as War Committees subordinate to 
the War Commissariat, which was ilsell', on 13 April 1917, j)laced in 
direct dependence on the War kService for Collection of Waste Material 
and of Voluntary Collectors. 

If the collected matter was recjuisitioned by the State, it was sent 
to the Kriegsgcsqjlschaften (War Associations) ;• in any other case it 
was sold freely at the Government controlhMl juice or at the prices 
agreed between the War t^ommi^ariat and the rej)r<*sentatives of the 
dealers. A share ip this w ork was also taken by the Imperial Associa- 
tion for concentrated foods, dried foods and wdld fruits — tlie War 
ConamissariHg for vegetable and animal oils — the Comniisffariat 
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for oollee, tea and substitutes — the Association for nettle cultivation 

— the Association for collection of beech leaves and*ifiast (1). 

The material collected was stored in special depots (Sammelgiiter): 
the most irni)ortan1 of these was the depot for the waste products 
that could be used directly or indirectly for food or leeding-stufFs, 
such as : wild fruits and j)lants — bone — seeds of forest trees and 
mast — horse-chestiiut-s — acorns — table refuse — eofl'ee grounds 

— leaf-hay. The collection and utilisation of wild fruits and 
])lantK had been handed over by the Fruit and Vegetables Commissa- 
riat) to a duly registered society, knowm as ‘‘ Wildfruehl ”, wdiich did 
some collecting on its own account, but was (‘iidcavnuring to do so on 
the same lines as similar associations. The country was divided Into 
districts in each od(‘ of which the organisation was diieetcd by respon- 
sible exjjerts in wdiom confidence was ])lace(l and who had to ])e rn^m- 
beis of the above jnentioned society, the shares of which were sold'iat 
50 marks with limit(Ml liability. 

An essential ])oint in tlu* utilisation of wild plants and finits was 
to ascertain if they were of direct, use foi' food or could only he uBe(J in 
conjunction with food-stntfs ])roj)er to make them last, longer, or if 
they were possible* substituted for s])ices, tea, cotTee, drugs, etc. 

The Enlletins and Lists of prices published ])eriodieally by the above 
above-named society sbow^ in full the measures taken, the fruits util- 
ised, and the prieess obtained. 

The. Decree* eif the F(*ele‘.ral (k)uneil relating to the traeie in bones 
dated 15 February 1917 pivseribed that, anyone to whom delivery 
of 500 kile)gramme'S or e)ver of bones had been made in the course 
of a week was obliged te) make a declaration t.e) that edfecl, every 
8atnrelay, to t he* War Commission for Oils anel Fats. The basic price 
had been tixed at 10 p/emiig the kg. In the lirst place the fat w^as ex- 
tracted to be used for varie)us t(H*hni<*al i)iii]ujses or to be* r(*tined for 
table use — tin*, latter by methods se) improveul that a finely flavoured 
oil was eibtairied, iiT(*spe‘cl.i ve of the quality of the raw material. The 
edible oil so obtained w as used for t he making of margarine : glue was 
then extracted from the bones as left, and linally they w^tue ground 
and dried to make feeding stnlT mixed with other ingredients. The 
industrial fat obtained from the bones was used in caudle fact- 
ories, where steariiie, oleine and glycerine is extracted from it, as 
well as mat-erials for the manufacture of soap and explosives. That 
is not all; with the bon(*s soup and soup tablets wore made which 
replaced meat extracts. 

The fatty matter of bones is extracted either by steam in an auto- 
(‘.lave, or by benzime. 

The Oils and Fats Commission arranged foi* the extraction from 
the kernels of cherries, plums and apricots and thg pips of lemons, 
oranges and pumpkins an oil called irmiseed oil ; the residues from thiB 


(I) Cknpter 11 of I he brooliuro of M K. Plohii, olready quoted, Containn a comparison of 
the various inclhods dovisod for (•(dlcctin^ these produots, and r detailed and interesting de- 
scriptii^n of the organisation of the sehool -children set to do the collectinu' 
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manufacture were to some extent employed in making cattle-food. 

From 1 kg of sft^ds, an average of 50 grammes of oil as extracted, 
so that 4000 metric tons of seeds supplicil, in 1916, 200 tons of oil: 

10 pfennig was paid per kg. of seeds, that is as much as for 1 kg. of 
bones which supplied, according to quality, from 70 to 100 grammes 
of fat. 

Tn making use of beech mast, (*xperi(‘nee alreacly acquired was 
available; the Oils and Fats Commission did not begin on this till 
30 July 1918. To induce a good number of people to collect them 
seeds and to deliver the fidl quantity C()ll(‘ct,ed, the State paid them 
1,65 Maries the kg. (tixingl.5() Marks for sales between ju’ivate persons), 
left each person to collect as many as lu* ])leased, and allowed the col- 
lector 60 grammes of table oil per kg. of mast delivered, at a price of 
of 90 to 95 pfennig. If the collector pr(d‘erred to (extract tbe oil on 
liis own account, the kState authorised him to have half the mast he 
delivered piessed, leaving the cake lesidue al its owm disposal. Al- 
though the*- activity of the collectors w^asgieally interfered with by in- 
tiuepza, the revolution and bad weather, nearly d00,000 kg. of table 

011 were successfully obtained from beech mast, as well as a propor- 
tionate amount of fat and cake for live sloek. 

The question of fats became more and moie s(*rious throughout the 
war in all the States, but in (lermany it was of the first importance, 
and the elforts made tliei'e far outdistanced all that was done in the 
Alli(».d States to seeiin^ for the ])(*.o[)le the necessary food fats. The 
following information, in addition to what has be(*n said, may be of 
interest (1). 

The total (piantity of animal and vegetabh* oils and fats consumed 
yearly in (lermany in time of ])eace w^as, in lound ligures, two million 
itudi'ic tons, including 400,000 tons of butter and about 1,100,000 tons 
of oil, lard, suet, tallow, cTude margarine, Kvristspeisefrti (a niixtuie 
of dilTerent fats) and margarine. 

The princixial oil-yielding crops of Gerjnaiiy in time of peace were 
spring and autumn rape or navett/*, linseed, poppy, hemp and e-arnelina: 
they covered altogether nearly 125,000 acres, and produced 15,000 to 
18,000 metric tons of oil. The slaughbu-houses supplied 700,000 
metric tons of fat- and the utilisat ion of bones 15,000 tons. Kot reckon- 
ing butter, of the remaining 1,500,000 metric tons of fats nearly half 
were of home ])roduc-tion : the rest was imported, i)articularly in the 
form of oil-S(*eds, which were worked up in Germany . 

Ijj January 1915, the Kriegsausschuss fur pflanzlivhe und iieri- 
sehe Oele und Fetle (War Committee for Vegetable and Animal Oils 
and Fats) concerned itself with all the fats except butter and lard, 
which came within the scope of the Zenlral-Einkaufsgesellschaft (Cen- 
tral Purchasing Sqpiety), which at the beginning of 1916 also undertook 
margarine, and then became transformed into the Reiehsstelle filr Spei- 
sefette (Imperial Office for Edible Oils). 

(1) Of. Ewald M., Beitrdgc zur Kfiegwirtachajt : Die pilanzlirhf^n und tiensnhen Oele 
und Fetto aussrhlieHslich der Molkereiurodukl-o, in Frieden und Krieg. lltrlm, 101%. 
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These organisations endeavoured to remedy the shortage of fats 
by the following means : prohibition of their use fof‘*certain purposes 
(as, for example, floor-wax), limitation for other puri>ose8 (burning, 
lubricating, etc.), requisition and rationing. The use of edible fats in 
industry was prohibited. 

People were informed that for washing of clothes, etc. a Wasch- 
fulver (washing powder) might be employed, containing only 4 to 5 % 
of fatty acids, while for toilette soaps 20 % is necessary. 

To encourage the growing of oil-yielding plants agriculturists 
were supplied with seeds and fertilisers at low x>nce8, and a number of 
industrial and commercial facilities were granted to them. Tn this 
way an increase of 50 % in the lu'oduction was obtained in lOlp, as 
compared with 1915, and in 1917 an increase of 100 %. 

I 

Tn 1915, some experiments in tbe cultivation of the sunflower 
as an oil-yielding plant were made; in view of the good rc^sults obtain- 
ned, orders were issued in 1910 for the growing of suntjoweu's along the 
railway lines, but the scheme did not sueeeetl, as this plant is not suit- 
ed to tln‘ elimatc^ of (iermauy : hardly as much seed as had been sown 
was gathered. On the other hand, imecessful use was made of a num- 
ber of home-grown oil-yielding ])lants, whose value in this way had so 
far been little recjognised, es])ecially oreliard-trees, from which fruit- 
stones were collected and put to use from 1910 onwards. 

If fruit-stones are crushed (shell and kernel tugether), and the oil 
extracted by pre^ssure or by solvents, there is obtain (‘d : 1) a very 
small yield, as the shells r*‘tain part of the oil ; 2) a non edible oil, be- 
cause there is an admixtun' of the waxy substance which forms a thin 
covering of the inner skin of the shell ; 3) the residue is of no use as feed- 
iiig-stufl'. But a means of se])aration was sueccssfully founcK 

Tn 1916, chiefly owing to the activity of llie schools and of women’s 
patriotic organisations, 4000 metric, t-ons of fruit-stones were collected 
which at tlie. rate of an average yiedd of 5 % of oil gave 200 metric tons 
of edible oil, employed for the most part in the manufacture of mar- 
garine. Oils were made besides : from purn'iikin heedn produced in 
Germany or bought in the Balkans and in Asia-Minor (10 % yield of 
oil), from lemon and orange from grai)e seeds (the Bundesratsverord^ 
nnng [decree of t he Federal GouncilJ of 3 August 1910 ordered the requi- 
sitioning of grape residve and the separation of the stones from it. In 
1910 160 metric, tons of oil were obtained from gi‘ape seeds) ; beech- 
mast (to encourage the collection of t his, it was well paid and besides the 
collector obt ained for every weight of mast (lelivered one tenth of ttie 
weight in oil ; the shortage*, of labour however put a stop to the collec- 
tion) ; foxglove seeds, red pwe seed, wall-flower seeds, cornfield weed- 
seeds, the collection •of which was organised in 191 'J. 

The Kriegsausschtiss ordered the removal of the germ from bread- 
stuff cereals and extraction of oil from tlie germs. Before the war, 
the extraction of the oil of maize was almost unknown in Europe* It 
assumed importance in Germany, especially after the conquest of 
Eufjiania, whence came large supplies of maize. As time wept on 
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the technique of this extraction was improved, so as to obtain a Jriekl 
of 1*5 to 2 % of^tibe whole grain, and in consequence in 1917 several 
thousands of metric tons of oil could be obtained. Degermination 
of rye, wheat and barley was ordered also : the first yields 1 % of germs, 
the other two 0.5 % of germs, containing 10 % of oil. There is no dif- 
ficulty about the separation of the germs in the milling ; it was done 
in some mills even before the war and these germs were mixed with 
bran to make concentrated food of liigh value. In 1917, the German 
mills turned out every month 1500 metric tons of grain, from which 
130 tons of oil were obtained. The residues contain respectively the 
following quantities of albumen : maize 10 % to 20 % ; wheat 35 % ; 
barley 40 % ; rye 42 % to 43 % ; and, besides, starch, sugar etc. They 
are useil in the form of meal for soup and M orgentranlc (morning bever- 
age). The meal of maize germs is remarkably like pulse-meal in its 
composition and forms a good substitute for it, having nearly t he same 
taste as pea flour. Taking all these oils together, Germany was able to 
equal and even to surpass the production of vegetable oils of t he pre- 
war x)eriod. Wtth few exceptions, these oils were used in the manu- 
facture of margarine. 

As a result of the reduction of stock and scarcity of fodder, 
and the consequent impossibility of feeding the animals, the home pro- 
duction of animal fats was greatly reduced during the war. Attempts 
were made to remedy this by im])roving tli(‘ methods of i)ieparirig 
internal fat, a pi’oeess (*arried on in central model establishments. Ger- 
many was divided into 50 Schmdzhezirkv (fat -rendering arenas). The in- 
ternal fats (l(‘.ar) of healtliy animals yielded Feinlalg (refined fat) and 
those of diseased animals or of eareasses technhvhe Talg (industrial fat). 
Italf of the refined fat- was given u]) to the KriegmuHschvss which ar- 
ranged for its transformation into margaiine of su])erior quality. The 
residues of the refined fat (skirtings, greaves, scratchings) were made into 
sausages, known as Griebemv'urste (greaves-sausag(‘s), while those of 
the industrial fat were used for cattle feeding-si ufls. 

The preparation of i)ig fats was carried on under llie same condi- 
tions as before the war, and no centralisation of this imlustiy took jdace. 

In eonformity with a decree of the FeiUual Conncil of 13 April 
1916, the utilisation of bones w^as taken over b> the Krif^gsa'usrhusft 
fur Ode iind Fette (War Commission for Oils and Fats). 

In time of peace there was no manufacture in Germany of edible 
bone-fat. When bones are boiled in a saueei)an, about half their fat 
goes into the soup and the remainder is lost. It is however easy to 
extract the whole of tlie fat, e. g. by water vai)onr under pressure it 
can be obtained either from uncocked bones, or from bones from which 
• soup has been made, provided that in either case they are fresh. Other 
by-products can be obtained from bones; soiij) «ubes, gelatine, glue, 
feeding-stuff, fertiliser, raw' material for the pre])a ration of i^hos- 
phdrus (for munitions). 

Before the war from 25l;o 26 million marks worth of bones were lost 
to the German industry of bone-utilisation. A decree of the Federal 
Council of 13 April 1916 made it necessary to notify all large qusinti- 
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ties (/f bones : burying of burning of them was forbidden ; the quan- 
tity to be employed for food was restricted. These measures were 
amplified in May and in October 1916 consolidated and more stringent 
by the decree of 15 February 1917. The collection and delivery of 
bones to firms dealing with them was controlled by the communes 
who received 1 kg. of margarine for 100 kg. of bones delivered. For 
supplying bones the iiayrnent was 10 pfennig a kilo, and 18 marks for 
100 kg. From May to December 1916, there was obtained, on an 
average, 30 metric tons a month of edible bone-fat ; in the first months 
of 1917, 82 tons were obtained jier month, and after that the quantity 
increased rajutlly. This was partly due to the fact that, as the arti- 
ficial preparation of glycerine for military use had been a success, a 
larger quantity of bone was available^, for food purposes. The sal^i of 
cows' feel, in butchers shops was forbidden, as they were requisitiohed 
for the preparation of neats’ foot oil to be used as lubricating oil for sub- 
marines. A notiiie.ation of 29 June 1916 made obligatory the manufac- 
ture oi feeding-stuffs and of industrial fats from all animals or parts 
of animals rejected by the slaughler-houses as diseased, as well as from 
all carcases and slauglilerhouse offals. This work was carried out'un- 
der the auspices of the- KriegsousseJiUHS in 1917 in 720 centres, 327 of 
which were built on a new' pattern with thejnio-ehemieal eipiipment. 
Oat tie ni(».aJs wa^re made in tliese after extracting the fats. Numerous 
military installations w(‘re set up on the two fronts for the treatment 
of animal carcases by the same iiielhods. 

Fish olTals and lisli meals were likewise deprived of their fats 
before being given to cattle. Fats already used w'cre made avail- 
able again, being taken out ot dirty water by means of apparatus 
known as Feltfdnger (fat-rat eliers), 15,250 of which wer(‘ sohl by the 
Kriegsausschuss at t he beginning of 1918. 

Fats were obtained from : the residual liipior of textile factories 
— leather wuste (130 uietrie tons in 1917) — fullers’ earth (135 
tons in 1915). 

The following fa( substitutes were prei)ared : as industrial oils, 
the mineral oils — as drying oils, pine-tree oil and coal-tar (produced 
by distillation ot coal) — the natural resins as partial substitutes 
for soaps (lathering like soaps) — for toilette soaps clay and pipe- 
clay were used, plus 30 % of soap to 20 % of fatty acids, etc. 

On the advice of the ReichsfleiscJistelle (Imperial Meat Office) 
of Germany, the local and lu’ovincial Meat Offices established during 
the war, Zentralwurstereien (central sausage factories and factories 
for the working up of meat). In these latter slaughter-house offals 
were worked up, with the minimum possible loss and with utilisation 
of all the viscera for manufacture of the sausages known as Dauer- 
wilrsU ( 1 ). , 

Horse fat was also used as food. Edible fat wlis extracted both 
from fresh bones and from bones already cooked and collected from 

■ c 

(1) Cf Dr. KkOoer, Dr. Mayer, Dr. Niklas, Dr. von OsTEiyrAO, von Schliebek and 
ScHOiiL, ^citrdge zur Krtcyswirtschait ■ Vieh und Fleisch in der deuiachen Kriegawirtachaft. 
Berlin^ 1017. 
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hou6e«<, restaurants, war kitchens, etc. From these bones, industrial 
fats w-ere also Hiade, as well as cattle-nieal and ])hos)>hatie fertilizc'rs. 

Kitchen refuse of all kinds was used for fatteninjj jugs. 

In the Kadaver-Verwertnngfianfitalien ttvd Ahdecl^ereien (establish- 
ments for utilisation of carcases) meals of great yalue as feeding slulTs 
were made. 

Ahjalljetie (offal-fat) was obtained by washing the guts of cattle 
and sheep and removing the mucus from them. 

In the establishments set u]) in 1935 in Belgium by the German 
military administration, the carcases were heated to loOoG. in an atmo- 
sphere saturated with water- vapour and wcue thus comjdetely disin- 
tegrated and sterilised. Then the fat and the gelatinous substances 
in solution were s(*i)aiated. In the first year 1500 carcases were 
dealt with, and ])rodu(M*d .‘biO metric tons of nu‘at meal, O.'f tons of 
bone-ineal ami 57 tons of fat. ]\leat meal is a good conciuit rated feed 
for cj^ttle, containing 40 of digestible alliuminoids and J9 to 2i) % 
of fat. Hone meal has been emi)loye<l as an excipient I’ert iliser (1 ). 

Th(‘ guts, Madders and stoimudi linings wch* usimI in the jui^par- 
aliftn of cheaj) sausages. Th<‘. S(‘arcity of fat brought back into use 
certain old-fashioned reciiies for extracting fat from iiig-skin, especially 
in country distriids (2). 

As will be S(‘cn in Part JI, the foods of vegetable* origin also give 
sco]>(* tor a utilisation of waste material, br(*ael being an exc(*]>tion as 
will shortly aiipear. 

Jii Germany (3), large <juantitu‘s id' jam weTC made* with sugar, 
with fruits of inferior epiality ami witli sulistit ntes, sucli as b(*ct-root, 
carrots, pumpkins, rliubarb libre, elele*r-be*rrie*,s, 1omateM\s ami also 
fruit-pulp treated in a special way. 

The use* e)f ilrie'el j)Otato(\s w hiedi ha el be*en ge*m‘ral evem before 
the war, especially lor e‘attle-fee*eling, was still furthe-r increased eluring 
the war wliem they wenv utiliseel for bivael-making (4 ). 

Acorns weue in particular useel as a college substitute, after drying 
and roasting. 

Horse chestnuts we*re leMluced to a meal, oi' w(*re useel for making 
saiionine and lactic aeael, in which the salt knoAvri as '■ ])ercaglycerine^ ” 
was used insteael of glycerine. 

In 1918, 13 marks w(»re jiaid for a hundreel kile)grammes of 
fresh acorns, anel 10 marks for the same epiantity of horse* chestnuts. 


(1) Kolleii Dr Tli , Handbiich der rat. Vcrworl voii Ahfali.etoflen jeder Art Wien ii. 
beipzig, A Hiirtlebon, 1921, p le) 

(2) Cf. Dr. C4oET^ Bmiors, M AV os'^-Zietz, Dr M, S rKfiKMANN-Ui'NKj Ihilrdge zur 
Krt€gf>u'irti.chaft . Die jlauswirtSirhnft jin Kriepf. Berlin, 1917.*p .59 

(3) Cf. Dr, Keichahdt, Bfitroffc zur Kricf/fiwirt'<ch(iftt >‘art, 2H ; Die lvnef:(8mas6nahmen 
zur Hegehing des Verkorbrs rnit Obst Berlin, 1918 

( 4 ) Those who wish to know what was done during the ^^a^ in (iennany for the drying 
of potatoes and utdisatic^ of products thus obtained in bread making and food generally may 
consult: Dr. AV. Lautenback, Beitrdge zur Kriegawirttichaft, Parts fit-. 55 : Dje Kartoffel- 
trocknung im Kriege. Berlin, 1919. 
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Lar^e^iuantities of these were collected and sold to the official whole- 
sale dealers. 

The technical, economic and legislati\re measures taken as to 
distilling in Germany during the war are very numerous and of much 
interest ; but as they only jjartly concern the subject of waste material 
it is thought unnecessary to mention them here ; those interested 
may consult the publication of A. Skalwett entitled Beitrdge zur 
KriegswirtHchaftj Branntweinwirtschaft und Volksernfihcrung, Berlin, 
1918. Only the information in respect of the manufacture of alcohol 
Irom residues has been reproduced here, as follows : 

When the scarcity of potatoes and cereals for distilling became 
noticeable, the use of molasses was permitted in 1915. But as durjng 
1915-16, molasses had to be reserved as an ingredient in feediiig- 
stiiff, the use of artichokes, beet-root, and beet root juice was agi^iii 
allowed. \ 

By an Order of 22 March 1917 permission was given to distil, 
not sound potatoes, but fjost-bitteii, damaged tubers, or those in any 
way unlit for human food which would have been utilised for jirepara- 
tion of fecula or dried excejit for the circumstance that there were no 
factories for either jiurpose in the neighbourhood. 

During 1916-17, nearly 250,009 metric tons oi molasses were used 
in the distilleries, of which 86,000 tons were used in the manufacture 
of ferments. 

Distilled molasses by itself does not produe.e lees that can bo 
used as cattle feed, but this defect was obviated by adding such aii 
amount of potatoes or beet-root as to make it so available. 

From t he season 1916-17 onwards, a new use was found for alcohol 
in Germany : the fatty acids obtained as by-products in the manufac- 
ture of fats for industrial piirjioses, when tj*eated with alcohol, are con- 
verted into ethyl ethers, after which they are worked up into artificial 
edible fats (Kunstspeisefetle). These digestible and not unpalatable 
ethers served to increase to a perceptible extent the very scanty 
provision of fats available in Germany. 

A notification of 28 June 1917 gave si)ecial privileges to alcohol 
employed in this way. 

The measures adoj)ted in the invaded parts of Belgium were in 
many respects similar to those taken in Germany, partly because they 
were dictated by German authority, partly because in Belgium too, 
in spite of American assistance, there was a great shortage of food 
during the war (1). 

As proof of the extent to which utilisation of waste material was 
carried in Belgium the following list is taken from the publication 
mentioned in tin* i)rcceding note. It is a list of the by-products and 
offals obtained in milling the oats of the countr^ (all such offals 


(1) Cf. Rapport gin^ral ^ar le /o}ictin7mefne7it et les opirattons National de St- 

COUTH ct d^Ahmefitatiofi, Deuxie^me Partie, in Le D6nartement d^ alimentation j Vol. I. Bru- 
xelJes, jiWoniant et CMe, 1921. 



« LmiBLATIVE AND ADMINI8TBAT1VE MEASURES, ETC. 21 

• 

Imvmg commercial value during the war) : sharps — thifds — 
pollards — feeding meal — bran — mill dust (fine quality) — black 
mill dust — oatmeal residues — hulls — shapes — straw — short 
straws — straw dust — husk — chaff — weed seeds — siftings — 
screenings — vetches — coarse vetches — barley screenings — peel- 
ings during drying — winnowings — sweepings — sievings — fine 
and coarse residues after cleaning bran — giit — wild oats — clean- 
ing up residues. 

Damaged cargoes such as wheat, rye, rice, beans and peas etc. 
were sent to the factories of De Broitx, at Noirhat, for the manufac- 
ture of yeast, while the sweepings were often nuide over at a reduced 
price to various charitable institutions. 

The waste from cleaning, husking and from manufacture of yeast 
with the above grains was made into feeding stiifi’. 

For the manufacture of yeast for bread, a contract was made be- 
tween the National Committee and the Yeast Manufacturers’ Associa- 
tion, according to which all the alcohol produced liad to be drained 
off, while the* brewers’ grains had to be sold to the usual customers 
at' a price that must not exceed 3 francs the 100 kg. 

In France (1) State intervention in the feeding of nation 
meant as elsewhere the i)assing of a number of measures, but the 
record of these between 1914 and 11 November 1918 does not include 
any of importance^ on the collection and utilisation of waste material 
on lines similar to those adopted in Germany, with the following 
exceptions : 

During the first weeks of the war, slauglitering for the French 
armies was carried on in buildings hastily adapted where it was im- 
possible to utilise the offals, which were thus Imried with the hides. 
The stabilisation of the line imi)roved tlie situation in this respect (2). 

In November 1914, General Azikert established behind the lines 
at Rheims a service called “ Fat Manufacture Centre ” the business of 
which was to collect in the slaughtering centres Ihe internal fat (leaf) 
and cows’-fect and to convert them into utilisable matter, e. g. ren- 
dered down suet fat, to make edible fat, carriage grease, grease for lea- 
ther, or for arms, etc. 


(1) Cf. : 1) Lkgendue H , Alimentation et ravi tail kmc nt rniiH, IVljiHson ef Cio, 1920, 

p. 237 — 2) MiisrisTJiiap: pu Havitaileement Htcueil dts Lots, J)icreta, ArreUs, 

tic. intcrvsftant le liaj itatlkmcnt dc la France, J-JV Pans, lOJ 7- 19 J S — 3) Tlio^e wliu doHire 
obtain coinplete infonnatiun on the problems of the food supplies for man and livc^Hbock in 
Pranc© during the war may with advantug© consult the (jubheations ineiitionod below which 
coutaiu a very full senes of analyses of all that was published in Franco on this subject. 
There seems however to be no mention of adininiHtrative or iogal moasuros dealing with 
the utilisation of wsfte material. Cart II will contain references to publications of a 
t'eohnical eharacter relating to the feeding of live stork. 'I'ho title of the xxihlicH I ion in quest- 
ion is R. Lboendue, ProhU.mtH tfcientifiques d'alimeniatum m Franci pendant la guerre,. 
Oomptes rendus des stances de la*CommiHsfVjn d’ Alimentation do la Socioto de Biologie, et Bi- 
bliographie analytique ties travaux fran^ais publnSH pendant la guerre (1914-1018). Masson 
et de, Paris, 1919. 

(2) Cf, Ch. Moureu, La Chirme et la Guerre, Masson et Cir, Paris, 1920, p. #36. 



22 


PART L 


w 

I'his service had to deal daily with 4 metric tons of fat and 3 tons 
of cows’ -feet. 

In 1916 the Minister of War decided that an organisation on 
similar lines should be created in each army. 

In these Centres for the manufacture of fats, use was made of 
offals that would otherwise be thrown away and likely to be a danger 
to the health of the troops, if allowed to putrefy. 

Studies were also made in the Laboratory of the Food Inspection 
Department of the extraction of oil from stones of apricots, peaches, 
cherries, ct(‘,. ; from acorns, grape seeds, coffee grounds, tomato and 
orange pips, etc. (1). The manufacture of grape seed oil and apricot- 
stone oil was industrialised and thus a considerable addition >vas 
ensured to the tonnage of supyjlies available for certain industi^ies, 
in particular soap-making. 

With the objecd. of increasing the ipiantity of grape seeds collected 
the Government had a h'saliet printed for circulation among, vine- 
growers. As a matter of fact the quantity of oil lost each year in France 
by not using grape seeds is estimated at J 5,000,000 k^. 

The Government also took uj) the question of extraction of oil 
from maize germs. A factory was set up for this 2 )urpose at Ville- 
franche-sur-Sa6ne, where tlie extraction of grape-se,<*d oil was also under- 
taken. This latt(^r process was also carried on in woiks of ])rivate firms 
in the departinents of Herault. and Var. 

A decree of 10 September 1918 forbade^ the distillation of cider, 
perry, or lees until 15 T)(^cember 1918, but a subsecpient decree of 
8 December 1918 prohibited the distillation of cider and perry, till 
1 October 1919, but allowed that of pomace, on coTulition that a declara- 
tion was mUide by the proprietor of tlie quantity of cider, perry and 
pomace in his possession and of the number of persons maintained on 
his farm. 

The quantity of pomace distilled might not exceed 10 % of that of 
the ciders and perries in store with the addition of one hectolitre per 
person maintained on the farm. 

But a subs(‘quent decree, of 25 February 1919, annulled the 
previous one and permitted “the immediate utilisation of material 
which might be lost, if not used before the date fixed by thc^ decree 
of 8 December 1918 (2). 

To encourage the collecition of horse-chestnuts, mast and acorns, 
a Notice of the Ministry of Agriculture and Eevictiialling, of 19 Sep- 
tember 1918 (3), stated that in 1917, 3000 tons of horse-chestnuts had 
been oollect.eci and used by the distilleries, adding that it was necessary 
in 1918 to collect not only horse-chestnuts, Imt also mast and acorns. 

To sav<* collectors trouble over consignment, the Committees 
for receiving eereals*also took the horse-chestnuts, jnast and acorns. 


(1) (Jf (’ll, Moukktt, np vi[ , p 144 ' • 

(2) gfep. F jiANg,, Mix. dis et d\t Kavit., Uecun'l dc» loin, d&cretn, arritis, etc. 

inUr kravit de la France , Vol. TV. Puns, 1919, p 20<i. — Vol V, 1910, p. 93. 

(>) Reouojl de lois ot(' Vol. IV, p, 50 
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Among the numerous wheat substitutes added to flour for bread- 
making in Fraiige, roasted groundnut cake meal may bo mentioned, 
added in the proportion of 5 to 10 % (1). 

A certain number of publications appeared in England during 
the war dealing with food and feeding stuff on technical lines, but there 
seem to be none dealing especially with the utilisation of waste mat- 
erial for human food (2). 

The system of collecting household refuse by volunteers adopted 
in Germany and carried out in i)arti(ndar by schoobchildren would 
probably have been applied in England if th(‘ war had continued. In 
fact it was clear that decided aclvantages had already been gained 
by making trials of such colleelion in (liflerenl localilies, and it will 
be seen that tlie best results follow from a good systtuu of collectJon. 

“The inuTUci])alities ha.v<^ it in tlu‘ir ])ow’er “writes H. J. 
Spooneu (3) “to render great service to the State by organising 
a comx)lete system of collection of wastes including housedo-house 
calls by voluiftary women h(*ljM‘rs This woi k aims at- the incul- 
cation of the collection and utilisatiem of waste material, as well as 
of every kind of economy in consmnption. Tlu‘ author goes on to say 
in the j)assago under (|uotation that volunleei* committees might 
organise such colhudion, sorting, packing and tiansmission to main 
depots, wdiich should be j)repar<*d by the district enginecjs and surveyors 
with propeiiy ecpiipped de])ajtmenls for different kinds of w^aste mat- 
erial, whih^ arrangements wauild ]k‘ made with the railway and canal 
companies for the us(‘, of otherwise ‘‘returm^d (unjdy “ trucks and 
barges for transport, or of space for dnnif)ing. 

What has been said of the other Allied States may be taken as 
applying to Italy, with th(‘ excejdioii oJ the waste or rather the by- 
products resulting from the milling of (‘cic als or from the manufacture 
of oil cake, such excejdion being dm^ to the very fact that- these are to 
be considered rather as by-products than as true waste material. 

SvhstUntes. — The growing scarcity of the foodstutTs in all the 
belligerent- States proved a stimulus to the ingenuity of a large number 
of experi mentors, some however so wanting in scruple that substances 
actually harmful to the consumer were (‘mi)loy(Ml as substitutes. Fraud 
of this kind in fact flourished, in spite of the penal measures j^assed 


(1) Cf. ('ll MonuF.r. op nt . p 140. 

(2) A full rt'suiric’ of tlio siilijoct of ordiiiurv foods, duriutf ami aflor tlio war, is found 

ill the work of lil. Su-vndan, Anminl Foodstidln (J.oiidou, Koiillod^o 1020), on pagep 
310 and 310, under flip title . o Some lOOerlH of (ho W^ar upon tlio Prodnetion mid the Con- 
sumption of Animal Foodstiil'ls — See also: 1) T. It Wool), The National Food Supply 
in Peace and War, Caiiihridjjie, ynivorsitj- Proi-s, 1917, — 2) T, H Wooii and G. F. Hop- 
kins, Food Economy in War Time Cambridpe, Univorsitv Press, J9ir> — 3) M. H. Rkw 
Food aupplien in Peace and War, London, Longmans, 1920. • 

(3) H. J. Spoonep, Wealtlt from Waiitc. London, Geo Koiilledpo and Sons, 191^ p. 21. 
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and, the penalties frequently enforced. Desire foS* quick and large 
returns was strong enough to surmount all obstacles. 

But this was not always the case : many substitutes were recognised 
to bo not only good but even very valuable, and their use was not 
merely permitted but even urged by the authorities. It may be said 
that the manufacture of substitutes meant during the war an important 
contribution to the stocks of food and was instrumental in many parts 
in warding otT famine. Tliis fact was more or less marked everyw'here ; 
but the greatest development of substitutes Avas in Germany, where 
special organisations were set. up for their production and distribut- 
ion. During t his war Germany was called the “ country of substi- 
tutes In fact in the case of many food stuffs only the nam^ re- 
mained, while the substance was entirely <lifferen1. : this was notably 
so with tea and coffee. 

There were in Germany Imperial Offices w^hose business it wa$ to 
examine food substitutf‘s and to grant authorisation for their skle. 
Some oflices re(!eiv(Hl only a few^ score applications, others dealt with 
up to 2000. Between the end of June and the beginning of August 
1919, the number of applications rose from 11,496 to 13,329. Of these 
latter, 11,040 were approved unconditionally, temporary sanction 
was given to 149, and 2180 were rejected, though later on 197 of these 
were approved. 

Waste material of all kinds was largely emi^loyed in the manufac- 
ture of substilutes. 

A])art from the measures taken in all the States to i)ermit or en- 
force the admixture with wheal Hour for breadmaking of potato- 
tlour, of x)ulse and of other substances containing starch or feculu 
not however to be regarded as waste material, the Order of 13 June 
1917 in Girmany may l)(‘ mentioned : this allowed, in order to econ- 
omise wheati Hour the substitution of St€in7nvhl (vegetable ivory Hour). 

Coffee is a foodstutf forwdiich t here have always been a large number 
of more or less satisfactojy substitiites, some replacing it completely, 
some merely admixtures. But during the war, the high price of coffee 
occasioned a still further increase in the substitute trarle and when its 
importation w^as render(*d impossible, as it was in the Central Empires 
by the blockade, the manufacture of substitutes rc^ached an almost 
incredible pitch and the won! “coffee ” w^as the one most frequently 
employed by the inventors and manufacturers of substitutes (see 
p. 72). It is thus of interest, to know that in Germany (1) there were 
before tlie war and when it began: 65 factories for making chicory 
and ground substitutes for coffee — 60 for making coffee from barley 
or rye malt — and about 100 smaller factories for roasting cereals 
(Rostereien) : in 1916 the wdiole number rose to 560, but in 1917-18, 
it fell to 124. 

Some corisideratfic part of these- products w^ere* mixtures of chic- 
ory, dried and roasted beetroot, acorns, etc. There were also 20 

(1) CJ^ ntTR'iTNrR, Fritz, B'^tfrarfc Krieq/iwirtftrhtift ■ l)ie"Kaf(‘ee. — Ersatzmittcil 
vor iiiul wiilireiicl dor Kriegszeil. Borlni, 1918. 
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factories of “ ccfffee essence ” prepared with sweetened substances 
and 40 factories for fig coffee.^ 

In many cases the substitutes too were adulterated by means 
of fruit stones, nut shells, etc. One factory even employed tannin 
in this way, till the fraud vras discovered. The following wen^ used 
in large quantities : grapestone cake — couch grass — maize germs 
— oats husks — robinia seeds — potato pulp — residues of pressing 
fruit for cider or syrups — beetroot collars and leaves — small 
seeds — maize rachides — heather — etc. But such products had a 
flisagreeable taste ami were late drooped out. 

“ There is no material” says M. IU'Ustniuj, “which has not 
been made into cofiee substitute, from the wild radish to sawdust. ” 

As to yield in cofiee substiluteK of the res])ective waste materials, 
the following may be cpioted : dry malt (75 %) — dried beetroot 
pods (70 %) — the moist residues from pressing of fruits (17 %). 

The same author has estimated at 131,000 metric tors the ([uantity 
of raw materials required to produce the cofiee substitutes in use in 
(xermany (luril:^^ a single year of the war (191 7-18) and suggest s obtaining 
this quantity by using th(‘ following quantities of the different materials 
employed : 


Harley 41 800 tons. 

(fiii(i(»ry roots cut uj) 10 900 >> 

Dried sugar beet 35 000 » 

Acorns 3 000 » 

Hesidu(*-s of dried graj)e.s, asparagus and 

robinia seeds . . .• 3 000 

Roasted hawthorn berries 300 

Dried apple slices 10 000 » 

Dried beet. (lud. sugar) 18 000 » 


Total . . . 131 000 tons. 


Among the numerous jdanls roasted during the war to make 
coffee substitutes, those that may b(‘- consideied as on the whole suit- 
able are those containing a good deal of sugar and starch, and also 
those that are powerful stimulants, and in addition those that contain 
poisonous substances as, for exam]de, lupins, after the removal of 
such substances. Some substances that were* quite unsuitable were 
however employed, such as sawdust, nutshells, and cabbage-turnips. 

In Germany, tin* raw material for the making of coffee substitutes 
was distributed at the discretion of tlie Is'alional Food Ministry. 
With the exception of fig coffee and cofiee (‘Sf^nce for which there 
were special ruleff (in virtue of three ordinances of ^November 1917, 
December 1917, and August 1918), the price of these products was 
controlled, as was also thfit of acorn coffee in so far as it was not in- 
tended for pharmraceutical use. Mixing of coffee substitutes with 
a cereal or hop base with other coffee sul)stitutes was only allpwed 
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by the authority of the Food CommisBion, and the same applied to 
tea. The admixture of real coffee with substitut^a was forbidden. 
The peace time measure prohibiting the making of machinery for the 
purpose of manufacturing artificial coffee berries remained in force 
throughout the war. There was a further prohibition on any sale of 
these substitutes accompanied ])y statements that they were exempt 
from caffeine or that they contained “nutritive salts ” or “salts res- 
torative of the vital forces ” or “ physiological ” or “ hygienic ” salts, 
thus describing the very small quantities of phosphate salts and other 
salts ]>ermitted by law. Notices had to be posted in the sale depots 
showing the name and the domicile of the manufacturers, CA-en if it 
was a question of substitutes not made up in i)ackets. The admix- 
ture of tea with medicinal ydants was exemy)! from all control and re- 
strictions, providetl it was described as a medicine. \ 

The chief manufatituring regions for substitutes were the two 
Saxoni(*,s, as well as tiie province of Brandenbourg, Avhieh includes 
Berlin. The Illume j)rovinces, Westphalia and Wurtcinberg, formed 
a grouj) apart. In tlu^ other countries and provinct^s the proportion 
was much lower: 53 lo 54 %, i. e. more than half of all the substitutes 
were made in Prussia. 

Not reckoning the substitutes of esseiuies and leiiionades, Berlin 
produceil by itself more substitules than all the kingdoju of Saxony, 
of that time, and Hamburg nearly as mueli as all Saxony. The spe- 
ciality of the tAvo Saxoni(^s was Baclcpulvcr (baking i)Owder), of 
Hanover the substitutes used for making puddings and swt^et dishes, 
of which there was a large consumjdion. One quarter of all the sub- 
stitutes for soup came from Prussian 8axony. Substitutes for spices 
were the speciality of Berlin first,, then of Hamburg. Berlin manu- 
factured 80 % of all the imitation sausages ; Hamburg 27,5 % of all 
the meati extracts and soup ca])sules ; the Ilhino lU’ovinces manufac- 
tured 19,8 % of the coffee su]>stitutes ; Hamburg Avas the foremost 
of the 19 States that manufaetured tea substitutes, the “German 
teas 25,97 % of the imitation beer came frt)m Bavaria, Prussian 
Saxony followed with 22,12 %, the Khine provinces with 8,07 %, 
Westphalia, Avith 7,02 % and Berlin with 2,46 %. Prussian Saxony 
manufactured one-liftli of the imitation liqiuuis ; it also turned out 
nearly one-third of all the other substitutes of food stuff. Next came 
Berlin, Hamburg, Prussia and Silesia. 

On the Avhole, ai)i)lication Avas made for tlm recognition of 12,900 
food substitutes, and rt^cognition was granted in the case of 10,625, 
subdivided into 87 gTouj)s as sy)ecified in the annexed Table, rei)ro- 
duced here as showing the great importance of substitutes in Ger- 
many during the Avar. 
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Authorisations granted for manufacture of substitutes in Gerina^y. 


Nun»t)or 

Names of tlie substitute of the detinite 

concessions 


Meat substitutes 

Sausage substitute .... 

Meat jellies and pastes 

Meat soup cubes 

Meat soup substitute cubes ... 

Meat extract 1 - 

Concentrated ex tracts (vegetable and amiiial) 

Condiments and pastes 

Fish jellies and posteH 

Fat substitutes 

Milk Bubstitutes . . 

Cheese subsUtutes 

Egg substitutes • ... 

Vegetable soups . . 

Flour substitutes . . 

Vegetables, kitchen herb.s . ... 

Pudding powders ... 

Table jollic*s ... .... 

Flours for puddings 

Fruit jain.M niul jellies ... 

Marzijian substi lutes 

Confoctioiiory 

Sweetmeats .... . ... 

Honey flavouring . . .... 

Honey essurico powder 

Imitation honey powders, etc 

Coffee 

German tea 

Cocoa, chocolate ... .... 

Beer suhslitutes 

/ Ba.sal substances .... 

I Extracts 

For beer siibstitutos | Swootoning solutions 

I Syrup 

\ Additional matter . . 

Imitation fruit juice 

Flavourings (frmt, etc.), aromatic essonces and oils 

Sweetening solutions 

Lemonades 

Concentrated imitation lemonades 

/ Extracts 

1 Hu.sal substances . . . . 

I Essences 

For the preparation ' Syrup.s ... . ... 

of lemonades ’ , Alcohol 

j Jjthors 

( Acids 

^ Fixatives 

Warm beverages .• 

For preparation of l B«sal substances 

punch and of warm ’ Flavourings 

beverages r Synip?i 


2 !) 


‘^2 
:i4 
120 
IS 
1 1 
Hd) 
10 
14 
2 
1 
:i:i 
S40 

o 

2 s 
:i22 
oH 
K 
47 
108 
i:{ 
111 
10 
:i2 
10 
51 1 
100 

277 


7;; 

254 


15:J5 

22 a 

351 

964 

477 

264 

21 

2(> 

2 

10 

386 

1K2 

^ 4 

»21 
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Authorisations granted jov mtinujatiurc of substitutes in Gcftnany. 

• • _ ^ 

i Number 

Names nl the substitute 1 of Ibo dotlnite 

' coucessiouB 

I 


/ Ebboucos . . . 

For jircpuratioii oflFvtrnrlH ... 

punch and of warm iSwootoning .solulioiiH . . 
beveniijjf's j Onmnul siihstuoccs 

\ ( 'cincerif Jilted oxlract.s 

]hivorne(H re.sftnbliTij: IjfjiitHirp . . . 

Esst'jjces' 

Ext raft. s . . . 

Jhi.sjil .suh^taiiLes 

Syiii|j.B 

Suh.sti tides 

Oil tnixtiin 

(.'oneeidratod OKlrai ts 
Klnx’oiinn^s .... 

Ho\ ('rn}jres replrteinp wiiio 

l JOsMUl* <‘h . . . 

, , Extiacls 

fWiieijJtr wino y . 

r Otiiej .snb.stiiTiei's 


For iiiakiiiL( 
hov(‘ra^e,s 

resoiiihhnij!; Ji(|Uoiirs 


Fo 


iSa|)()niije , . . 

Si‘h/er AA'aj,( 1 

IVcbeivut IM* 

(.■ondiniDiil s 

ISllxtUl'L','' . . 

Extracts. ... . . 

E.sscnees . . . . . 

Aioinas 

Salt.s .... 

Sugar , . 

I’oM der . ... 

Leaf proparatiuii .... 
Oil of bittor almond'' . . , 
Coiidmionts for salad 

rniitatioii vinegar 

UaUing ]jow(lor . . . . 

Eolounng jriiittmr 


1 


0 2 
127 
2 
2 
7 

440 

,S 1 

i 7 

17 

2 


1.1 

h 5 

2 


I 

i 


Hi 

4 

40 

Iti 

S 4 

:is 

i:i 

04 

i7t; 

:h 

r> 

n 

1 

4 

29 

a 

r.u 

J4 


II. — FEED FOR LIVESTOCK. 

Spedal Hiitl extensive researcli on the question of livestock 
feedin,G: was carrietl out in every State, but especially in GekmANY, 
where atl'eni])ts weiie made to replace the most coninioii feeds, which 
had become more and more, scarce owing to the bloctade and consump- 
tion by the army. 

It may be stated that the researcli and e'i;perirnents on this question 
made •in (Germany during the w^ar equalled in number and scientific 
valije, all the measures adopted in a minor degree in other countries, 
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• 

for though the need was great in all countries, it was greatest in those 
at war witjj the AJlies. 

From an official reply sent to the International Instilnti*, of Agri- 
culture by Germany, as a result of the Eni|uiry of whic h this Mono- 
graph forms a part, the following statement is extractc'd (1): 

The measures adopted to facilitate tin* collection and i)r( 4 Kiratioii 
of waste products witli a view to rendering tliem tit for animal feed 
are contained in the following Jtegulations ; 

1. Eekanntmachiing iiber die V"erAvt*rl ung von Sjaa'serestcui 
und Kuchenablallen (Notice* as to the utilisation of tablv n tusr and kit- 
ekvn waste) of dime, IDIO (Ueivhs-th'sv.lzhlntt, ]>. aOd) and 8 January, 
1919 (Tieichs-Gvsetzbtatf^ ]). J7). 

IJ. BekannI machung iiber die \'(*rw(‘i tung \ on Ti(*i koi pern 
und Schlaclitabfallen (Notice* as to (1 m* ulilisatuni of eaicases and 
slaughterhouse otTal) of 29 June, 1919 {Iit irhs-Grsctzblatl, p. bJl), luodi- 
lied by the Kegulation of 17 AugusI, 1917 {J\( irhs (irselzbiall, ]). lliy) 
and by the Hegulation of 8 April, 1929 (lii'iehsdiesetzblatt. j). I9t»). 

, J. Verordbung ul)er Weinrestei* und Tiaid^enkerne (Ord(‘i‘ re- 
garding 'ivine lees and (ftape seeds) of 2> Acigwst, 19ir> (fU'iehs-deseiz 
blattj |). 1917), modilied by aai Grderof 27 S(‘p1 (‘i)d)(‘r, 1917 {Neiehs 
Gesetzblatt^ fi. <S71). 

■1 Bekjmnt ma(*hung bc*trelleml Ausfulii imgs l)(‘sliiiuiiung zui 
\'erordnung iiber W(*inlr(‘stei' und Traubi*nUerJie (Notice* regarding 
(he modi* of ai>pli('iHion cd (he ()ni<*r <*one(*j‘Ming ufue lees and (/rape 
seeds) of J AugusI, 1910 {I\eiehs (iesetzldafi, p. 8S7). ami cd' 21 
Sej)t-endM'r, 1910 [Reiidis-Uesetzblatt^ j). 197.‘)). 

5 V(‘.ro]*duung ub(*r die* (lewiunuug \oii LauldM‘U und Fut1<‘r- 
reisig (Order on the* juoduelion of haii jrout the h‘ares of Irets and cd‘ 
fodde.r from Iwujs) of 27 r)c*eembc*r, 1917 (Jletehs-deselzblaft. p. lJ2r)). 

0. (irundh‘g(‘ndi‘ Verordiiunii ub(*r Fiit tc'rniil lc‘l (FimclanM*7dal 
Order regarding FeJJrr.s*) of 10 January, 1 91 8 (//cmA-s' Gesetzbtatf, \). 

Orders J to 0 aie now no longer inf orec*. The* Older ol 8 April, 
1920, on eouiple.r feeds for lirestoel' to proU*e1 agric-ull uk* against ailuF 
teratieii {Reiehs-Gesetzbtati, }i. 191) and 11 m* rule Im* ils aj)plieation 
of 8 A])T‘il, 1!120 (Reiehs-Gesetzbtatt, p. 191) should also b(* n(d-(‘d (2). 

TIm^ diflerenf m(*thods adoxd(‘d fm* iililising as li\c*s(o(‘k b‘<*ds 
animal and vegetable waste* may be* eonsider(*d Im‘ 1 ‘(*. The 1(*(*hni(‘.al 
methods of utilisation and the properties, eomposilion, (‘Ic*. ol the 
products obtained, will be dealt Avitli in Fart II. 

Th(^ '‘leather serajiiiigs ”, i. r. the slieUy, laity lay(*r removc*d 
Ironi tile skins wdM*n tlM*y arc* |jrej»ared for tanning was, in accordance* 


(J) C;f fiiKilIUKH VON Fj(KVTiER(,, (i'ttniqi zin' Krti <fsD trf-'M hoji , J^'o t l)i(« lut- 

lermiLLnhvjrlachafT irn Ivi'iolh'. Jiejlui, 110 9 

(2) also: Meal iinimiTifjjru da- ) U‘ir!i^ruil O'KI olli', 

O«>iollyohaft jjut boHchriiiikttM lb rhi (k'lii L.»n(lwirl(' /n- 

BammerifioaCrllt vorn Kef_*hlbinu\ alt •Ur. Or ie, SMidikna (kr Co'irli-hitf cnuil trlslrllc, Oc- 

acliaftSHbtddun^, .fuly JIU» ntrlm Cbvvc' -- 'Dua work nail luns lJu* (b‘( « on|(orniuL( 

tho nia\]iiuiin and iimiJiimtii pri(.c‘' of crmoenl raf pii, f<‘<'d.s ‘^•(‘ds, stni^v, lia\ unrl fotkic’i hubsti* 
lutes. * 
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wi1h*Ui(^ Order of 24 February, 1916, no longer used except for making 
gelatine, glue and a liv(istoek feed “which could l^e prese^wed for a 
long time”, Ihe quantity of which w^as fixed a1 80 % of the total 
quantity under treatment. The War Commission obtained this glue 
at controlbnl ]jrie(^s, su])(uintending its pioduction, and reselling it at 
an increase of 5 %, if consid(ued desirable, to cover expenses. The feed 
thus obtained was distributed like the other livestock feeds (Orders 
of 31 Marcili, 1915, and 16 May, 1918). But the m?ed of glue on 
the part of tlu^ army increased to su(*h an (^xtent that it was no longer 
])ossib]e to assigji [)art of it for tbe ])roduction of livestock feeds. 

The Order of 13 A])ril, 1916, com])leted b> that ol 2 May, 
1916, j)rohibit(‘.d tlu* burning, burying or d(‘Sti(»ying in any way the 
hov(\s of (171'ivials, on condition, of course, that the, lo(*,al aiilhorities 
lU'ovided for (heir removal. The collecting (d bones was gr(‘a11y f^tcil- 
itated by the joint ac‘,1ion of colh^ctors and traders ; the snj»ervision 
of tbe treatment of the bones was entrust4‘d to tJi(‘ War Commission 
for Ai‘tili(*ial Liv(‘slock h>e<ls, who were cliarged wiIJi th<^ duty of 
subjecting the feed obtaincMl, it necessary, to fr(‘sh Ireatment and of 
making suilabh' niixtines with olher IVimIs ; tlK‘ ]>ri((‘ of the feed 
was fixed by the C3unict‘llor. Oils and acids wer<* siibse(iuently included 
also ill the above OrdcT. 

Th(‘ U(‘gulation j'cgarding the. (‘X(‘<‘uti()n ol iJu* (bders (10 Fe- 
bruary, 191 7) iiiescribed ( hat whole bones, as well as fragimuits and 
d< 5 bris, not assigned by ih(‘ War Bureau to juamifaeturers of articles 
made, of bou(‘, should, after the oil and fat had b(‘en (‘xtraeled, be set 
asid(‘ by t iu* War Biiixaui for artificial lives! o(‘k UmmIs, Avhile one. jiart. of 
the bon(\s should b(‘ kept for making ghi(‘. Tin* War Bureau and the 
War Commissariat for Oils and Fats together (ImmI (Ik* xuiee of (lu* oily 
subst.anec* (‘xtractt‘d from the frcssli bones and (>\ the feed jirodiieed. 
In the de.elaralion to the Wai- Commissarial for Ai’titieial Livestock 
Feeds of the (luantily of feeds mamifacdured, their raw protein eontent, 
digestible protein and ])hos])hori(' anhydride eon tints had to be siiecified. 

In order to oblain from c«mns<\v a lai ger (juantily of machine 
oils than in juaiee lime, and also for the manufacture of livestock 
feeds of animal origin, local authorities were invested with the power 
of limiting or sus])endiiig free trade in sinews and nerves. 

Tlie Order of 29 J Line, 1916, made it oldigatory for public slaugh- 
terhouses which, in 1915, had slaughtered a minimum of 2,400 head 
of large catth% to produce, themselves, umier the siqierintendence 
of the Commissariat (w hich could advise improvements in methods of 
working and also grant loans for ])erfecting installations), artificial 
livestock ieeds and machine oils. TTides, horns, hoofs, claws, pigs' 
bristles and feathers were excepted. The jirodue.ts thus obtained 
(l)owaiered animal ^wiste and blood) became the property of the State, 
wdiicli emidoyed them in the manufacture of liveStock feeds ; many 
carcases howover had to be buried and were entirely wasted, on account 
of the lack of coal, means of transport afnl labour. 

l^ie Order of tin* Federal Council of 26 JunS, 1916, granted to 
eonvriunes of more than 40,000 inhabitants the iiower of obliging 
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hindlords to place in the yard ox court of each house rc(‘eptaclcs sMely 
for table and kiWien reiuse, which they were l)ouTid to hav(‘ emptied 
three times a week. 

A special Commissariat (\slablished at Berlin bought this refuse 
at a ‘‘fair'’ price and from it Tuanufactured a ^lih'likrafl lutter ” 
(concentrated milk feed), ])ein‘t under an obligation to sup]dy th<‘ com- 
munes, on favourabh^. terms, with a ((iiantity of this fet‘d proportionate 
to the quantity of refuse furnished hy each commum^ 

l»y the Order (already quotetl) of o Anmnst, ItHti, ijrapv nsithics 
and grape seeds became the momtpoJy of I1 h‘ (\mnnissariat for Boraji’e 
substitutes which arranged for the ext rail i(m of the oil fiom the 
seeds: tlu‘se were tlum dri(‘d and ground for the manufacture of a 
“ transiiortable feed’’ to b(‘ mixed vvitJi oIIums oi a ladUu' (juality. 
The pric(^ of the nssidue liad Ikmui IixcmI at 1.5 tnnrlc-s per 1 01) kg. tresh, 
and 2 marlcs aft(u* “luquclti^” had been made Jroni it or after di- 
si illation. 

Th<‘ Order ol 27 Scf)tcn\b<‘r, IttlT, comj)clh‘d tlislillery owncis 
to kee]) all piasssed li^siducs I'oi’ the War t 'ommiss.iiial and raisial tlic 
price of frc'sli jissidiU'S to 0.5 warks ])er 100 kg. : but th(‘ powdeu’ ob- 
taincMl was so low in nutritive value that it couhl md be niixcai wath 
o(li(*r leeds, and 1h(‘ use* ol wim‘ rcssidues liad to b(‘ gixcai u}). 

.\1teni})ts w(‘r(^ also made* to us(‘ /ou'.sT-r/o .v//c<y/s m ]dace of tin* or- 
dinary li>'(*stock baals, but \\(*r(‘ un.succ(‘ssl id, and t he\' vviu’c usial as 
substitutes for cidfee. 

On 8 Nov(*mb(‘r, 10.15, the sah* ol hnsttn!: feeds rj'traetid front 
n'ood and straw vs as placed under Stale control and tln*ir use 
restrictcMl. 

On 10 J)e(a*m]H‘r of llie same* y(‘ar, the following were also 
controlled; rc/e/y and ol her serr/.s* cd’ Iegum(\s not used as human food 
— waste*- from tin*, grinding of heceh-wasl — eastor-iCd serds freed of 
their* ])oisonous (‘Icmcnts — heather flour. 

Tin* l(*gislatj\e and administrative nieasui'cs for' facditaling i>ig- 
lueeding witli a minimum consiiJUjition of the livestock f(*(‘d which 
e an b(- us(*(l for human food Aveie* ve'iy nuun*rous in (l(*rmany (J ). 

Among tin* expedients used were: the extimsion of pasture in 
woods (unelej* timl>er) — tin* gathering ol Ireech-mast — the manu- 
facture of meat-powdei’ fiom slaught(*r house offal and a Kunstliche 
Futterhefe*” (forage yeast inci‘eased in an artiticial medium — disin- 
tegrated stravv and wood — grouinl heatln‘r — etc.) (see ]>. 92 and 
the following pp.)- 

For the colletdion of hous<‘hold refuse in (leirnany, measures were 
adopted which are worthy of a detailed (h*scriidion. Iiousek(*eperB 
were crunpelled to wash, dry and preserve fruit lo'rnels for (*,olh*ction. 
Further, bones and food waste hatl to be k(‘pt in i^qrarale r(*(a*-])tacles. 
In some lowms, especially the smaller ones, houseke(*in‘i‘s were obliged 


(1) Cf A. Skalweit artel W Ki.aas, lintrayc zur Krtuffivirt^rh/ifl, I’arts 20-21, Daa 
Scliwein in der Krif'psernalimii^'swiit^rhaft Uorlin, 1017 • 
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io carry the refuse to the colle.etin^j centre, ])ut in tlie majority, a 
»sx)ecial colleclinf; service* was organised (1). ' 

Al) lirsi howev(*r som(‘ towns, and especially Essen, made exten- 
sive use oJ tfiis r(*hise. To overcome a good deal of resistance, the 
eoJiimander-iTi-eliit*! of ihe Mark of Urand(‘nl)iirg jnddislied an Order 
ill January 1915, whiidi made tlie collection of kitclum refuse obliga- 
tory also in Ilerlin, and the commander of Westphalia also adopted 
similar measures. As a j(‘sult of these and similar o 7 *d(‘rs, the forage 
requirements wc*!** reduced by aboul 2 million tons (l»). 

J'he valiK* ol the concentrated feeds made from table wasti* (o) 
coriesj)ond(‘il t() that of barley ol medium quality. Jdie 0(*rman Im- 
l^erial Company lor flu* Manufacture oi Concentrated h^*eds paid fjom 
1 mark- 50. to tl marks p(‘r Ion for table refuse per tiuck loatl. When 
the <umimun(*s su]q)lying I hi* refuse so desired, the Company d(*livered 
to 1h(*ni tin* (*xlracl(‘d conc(‘nt rated leeil, so lhal Mu* liv(‘stock in the 
various distriids suffeied no privation. The quantities of table re- 
luS(* thus utilised v eri* laiormous : taking as ;ni aviaage 00 gm. pei' 
head da\, tlien* vould lx* a total production of 5,000.000 Ions 
yiaiily, or 750,000 Ions of concentrated 1i‘(‘ds. Thi* jiriiu'ipal dif 
ticulties in the utilisation cd this refuse* W(‘i'e. on !’ e om* hand, its raju'd 
(h^composition, and on theothei*, tiansport, Avlncli is (*ven moi’e dinicult 
in war than in peaei* time. The evperienci* gained dui*ing the war, 
says the write*?' in a note, proves that in the* luliire (‘fldils should be 
made* to (‘Heed furlhe*r inqiroN e'me*nls in the* utilisation ol table* i‘e*fuse‘, 
wdiich ]U‘obabl\ e*onld only be* attaine*d by e'oimentration, a plan whi(‘h 
ine'ideiit ally d(ie*s not p?e*ve‘nt the* e*emt inuaiie'e* ed’ the* ]>i'ae*tiee‘ of 
giving it h(*n I'resh to animals vhe*r<* this is e‘ustomai*y. On Ihe* ofh(‘r 
liand ley t)e*i'mit I ing owne*is of li\ e*st ex*k to 1e*leh tlie* table* re*fuse* the*!!!- 
se‘lves, lie) advani'.e* is made towarels the* de‘Sire*d e)l)je‘e*t, be*eause‘ the 
eolUndion is not made with sullie*ie*nl e-are and i’e*gulai‘ity. And whe‘n 
the* re'fuse* is in large* quanlitie*s, Ihe* li\e‘s1()ck owaiei* doe‘s not trouble* 
to e‘e)lle‘ed it from e*ve‘ry part of his distrie Is, and the* same is the e'-ase* 
whe*n theie* is an abumlauce* of fiesh forage*, se? that a e:onsiele*rable 
quantity e)f the* j“e‘iusi* is waste*el ami swe*pl away. 

Tlie* Soe*ie*ty for the* ^Ianulae*t ure* eif Diy Ceuage* made* a start 
with Ihe* e'ollexdion of e'ofle*!* gromiels, but this was soon given uji, as 
they eould not be* used to ael vantage. 

r>y orele*!’ of 'll l)e*e‘embe*r, llUT, the W'ar Commissary for Fooel 
Sn])plie*s grant e*el to the* ee)m]x*te‘nl local aiithoritie*s the* x)Owe*r to issue 
important orele*rs regarding tlu* e'olU*e*tion of leavi*s to r(*|)1aee hay : 
and when tlie* seare'ity ol aimy foiage and esi)ee*ially of oats liad, in 
1918, increase*)! to a se*i'ious ele*gree, the military aiitheiritics esiablished 


(1) ( T Dr, (iorl/ MincFS, .U Vos *; /iktz niiil Dr .M .Sik(;kmann Uv'nk, ThUraja 
2Ui Kru qsU'H tfirh(tf( , Dir Kjui^v ire'^rliiifl itii Kin'f;r, 101 V 

(iM ' 'f n ScHVMAt nv.K. Diutfu/n Vuikunhiilirtanj umi ynlk'.'-rrnfJirunq'ipnlitikim Knrj/r. 
Ilrrhii, Ki'iiiiiiin, lOl"^ 

(-*} Cf J'liKiHMiH VON Ful YHCiio. znr Krii’ipiU'irt'irhuft un Kricqr Hrrlin, 1911). 
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a special Department for Eeplaeint? Hay by Leaves. The Minister of 
Agriculture and. J\)rests liad previously given instructions as to the 
extent to Avliich owners of woods and forest rangers slundd allow 
loaves to t)e gathered. In eat*h locality groups ol‘ ])iekei*s w<‘r(‘ iornual. 
The head of the gang took charge of the collecting and the sales to 
the local represent ati n o aj)p()int.ed by the (hn'iiian Agrieidturisis' Fed- 
eration. Generally speaking, only the young h‘aves of any spetaes 
were to be gatluu'cd, with the e\c(‘pli(m of tlu^ black ehb'r, eytisiis 
etc. The leaves were simply jndhul from tin* branches, or lh(‘ braneluss 
wt*re (iut up to 1cm. in thie.km^ss, tieil into bundh‘s, dii(‘d. and the 
leaves detached by shaking or beating, '^riu' gi*e(‘U lea\es vstae im- 
nuMliately taken out of tlu^ sa(*.ks and put m barns oj* ollua- huge sh(‘ds» 
in lay(u*s of about lb cm. deep, whicli w(M(‘. frecpiently IuiiumI to pre- 
vent miblew. On certain tixed days tlie har\(‘st was sol<l to I ln‘ local 
collector, who paid 'l marks per Ion for gitam leav(‘S and 10 for thos(‘ 
dried in the open aJr. The. collector laid to look after llu^ transpojt 
to the nearest railway station, to th(‘ drying-phuM^ or lo th(MU*pots, 
for the s\nn of 50 pjennhj p(‘r kilonudre. Th<‘ total pri(*e ixa* ton of 
leaf Jiay gatlicred 10 km. frojii tlu* railway slatioji was l(>..b0 marks. 

TIjc War Oommissary for Foi'agc* Substitut<*s nndtalook lo subj(‘ct 
the leaves to the necessary tre^atment ; tln‘ leavers, aftta* drying, wane 
reduced to a powabu' wdiieh, mixed wit h molassi^s, was mad(‘ into cakc^s 
having a nutritive value 5 % higlnr than that of ha>. Thegalliermg 
of the leaves, begun towards the eml oi May IttlS, was not to extimd 
ov(fl‘ the (Mid of August, but, in view^ of the good r(‘sults (ditairnal, wais 
prolongial. The Minister of Public Education pointial out its (‘X(‘(‘-p- 
lional ini])ortanc(‘ in a siiecial Onba* and dirca tiMl thal whol(‘ (‘lasses of 
scholars W(‘re to b(^ ex(Mnpt(‘d from instruction m older lo (Miiploy 
tluMu in this work, (‘ven timing the holidays. Idianks lo t he (‘\p(M- 
ience gained by tin* many War So(M(‘ti(‘S j)i(*viously instituted, th(^ 
galhering of leaves began and (aintiniu'd on a r(‘ally vast scale. d’h(‘ 
railways granted reduced fanxs to scholars taking ])art in tln^ work, 
Tlie l)(*])artment for Iv(‘pla(‘ing Hay hy lJ(‘a^(^'< sni>})li(Ml sacks, rak(‘s 
and jiresses for jiressing the lcav(*s. Tin* )iarv(‘St(‘rs w'(‘r(‘ insured 
against accidents o<*.cnrring dining work. Tin* r(‘sult was so satisfac- 
tory that the (diief of tin* Department of Army lv(‘\iet nailing and tlie 
Chief of the War Commissaiiat ]niblicly lhank(Ml all lhos(Mvho had taken 
part in this work. To striMigtheii the r(‘lations liet w(mm) t in* nunuMous 
groups of harvesters of objects so various, to k(op tluMU up to date- in 
information, arouse tlndr zeal and (Micourage tln‘ i>uldie mori^, and mor(*. 
to take part in this work, t he War Ollic(‘ i>ublis[i(‘d a bulhdin showing 
the results obtained and decisions takiMi, and also liad 7‘ecours(* to 
WoUFs Ag(Micy, to special jiublications, circulars and calendars intemded 
(^Sjiecially for young ]jeo]ile, to conlenmci^s w^li lime light views, 
exhibitions, and ^on to the. grarnojihone and cinematograph. 

The registers instituted by" th(‘. War Commission at the bt*ginnmg 
of the War for the Collection of Utilisable Waste Material and tor the 
Service of VoluntaTy Collectors, showed local committees, not 

including those of the Grand Duchy" of Laden, AViirtemberg ^and 
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Bavaria, wbieb had orpjanised the same service' independently of 

Empire. 

To re])laee ioraf’c, the lack of which became more and more disast- 
rously evident, ttn‘. State boiif,dit ii]) at/ a ^^eneroiis inice, at the same 
time re^ndatin^ 1h(‘ lrad(‘,, f 2 ;reat quantities of \im\ tendrils, seaweeds, 
reeds (espee.ially tin* ])anieidated kind): these did nol find lavoiir 
with live.stoeh owmus ; liijiin stems ami manf^old lojjs or snj^ar-beet 
collars of the 11)17 and 19]8 harvests cost at controlhMl IState juices 
as much as straw, /. e. 80 marries jiej’ ton. 

An ()rd(‘r (d 21 J)eeomher, 1917, juohibited owners fjom felling- 
lr(‘es or cutting off hraiudicss befon^ the leaves had ajqieared, or even 
from (‘ntering- the ground when^ they wen* gro^\ing. Tin* military 
aiithorilies mo))ilised the yonng ])eople of tJie schools, who gathered 
(mormons (iuantiti(‘S ol lca,v(*s and branches. Tin* f(‘ed (d)tain(*d ^l)y 
grinding and ])ressing the brancdi(*s was intemded to n*plac(^ ordinary 
forag(* and partly also oats lor the hors(‘S a I the front. By the Order 
of the 11 May, 1918, all giocm h‘4iv(*.s (diopi)(*d, ground, etc., had to 
l)(* resorv(*d for tin* foiagi*. (Aunmissaiiat . J)isj)nt(‘S as to ])jic(‘S w(*re 
setth*d hy arl)il(*js. Hut tin* ex(*(*ssiA (‘ly high juice was only justiliiMl 
liy the e\(r(‘me n(*('-(‘ssil y. 

Hy grinding and choiijung, a jmssibh* Inestoiu f(*ed was obtained 
fi'om straw- and the. wild growtJi of jiast me land ajid mooiJand (Oril(*r 
ol' Id Ajuil, 191()). Att(‘m])ts wen* also made to utilise* coindi grass 
as fodd(‘i‘, but the (luantity of saml adh(‘ring to it and its v(U’y costly 
})r(*|>aratnm |U(‘V(*nted its h(‘ing used. 

ddie following tabh* shows, in tons, (In* ju'oduetion by tin* War 
C/ommissariat. foi- l^'orage and Artiticial LivestocK K(*eds (a limited 
Conijiany with share* (‘apital fornn‘d in vS(*pl(‘nib(*r 1915): 



I'MO 

l!M7 

19JS 


m. tons 

111 . tons 

111 tollH 

1) i*"orrt^r livestock feeds with liigli nlbariiuiiud eon- 

lent , . ....... 

2) For igo vvilJi loAv nlbuinirioii 1 t ontoiit 

3) iJo ... 

(i 109 

lo 

44 7Jfi 

21 iri3 

71 790 

10 1 04 1 

12 213 

138 ^U3 
Itl 800 

TotdL . . . 

(iG 6.%3 

197 .'i90 

2H2 »»fi 


From the bi*ginning of tin* War onwards, great ho])(‘S had be(m 
pla(*-ed on siratv jUnir (see ]). 03). 

Uj) to the [uibljcation dated 5 O(dobej‘, 1910, of the prohibition 
of sales of any kind of forage, exerqM. that- jirodiiccM on farms, cereal 
straw flour (dried and ground straw) w^as largely sold, geimrally under 
names which concealed the nature of the “iVed. Sometimes this Hour 
also (‘t'litained small quantities of grc(m plants tlried and ground, 
probably weeds. Lat(*r, st raws Hour was distributed to farmers through 
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the “ Boziif!:svcrcini^ungeh ” (eo-dperiilivt* socielios for pur cl uj sc* ami 
sale). • • 

A “ Biindesralshestimiuiinn: " (Dcn'isicm of Ihc^ Fc^dcaal Fouiual) 
of 19 August, 1915, i)r(diil)il(*(l the sale in (Jmnany ol ‘;’roiiml cocoa 
InislvS or food c*,oiitaiiiin^' ihcm, so as to ]ircvcuil (heir use lo adnllcralc* 
human food, bid a subscqiumi dccisicu] cd* til August, 1915, f)C‘rmi1- 
tcMi their sah^ as livesl ock feed, mi\cMl Avilh linely ^I'oiiiid sIraAv or lja;\, 
or with wheat or buck -wheat liusk. 

For f(‘edin^ pond fish (c^s])(‘(‘i;*lly ciarp ami lencli) m.dzc* and hijiiii 
could no louii^cT b(‘ used, as tlicse had (o be* kcqd fo^' limuaii food, 
thou} 4 ‘h it would hava* lanui belj.ej' <o hav(‘ Jised lhi‘ni for pi^ fcH'dinjj;. 

y\s a subslit ide, a sp<*cial fish nual was siu*c(‘ssfully manufac- 
tured from fish whicdi could not lx*- us(‘d for hutnan lood, tlx* soi*l, lliat 
are ticuierally 1lnov\n ]>a('L iido tin* s(*a when the* nets arc* drawn up. 
This powdeu’ was only slioldly salted : li was jm])ossihh* hr use llu* 
oivlLnary fish inc*al made Irom (ish lic‘ads and lieiibu'' r(*fnse lx‘causo 
i1 is loo sab. INtorr* of this lish iced was nia<lc h\ diwiim lie* sinimps 
that |)ass throu;^h I he iij(‘sh(‘s us(m 1 foi sr'parat iiijji' those vvhicJi can bc^ 
used as human food. ddi(*se shrimps, wli(‘n ^ivcai to lish of the 
salmon trilx* ^i\e tiu* llesh a pink c-olour muc*h appr(‘<‘iatc*d in certain 
districts. 

Tire fobowini; w'(*r(‘ also us(‘d as (ish fe(*ds : sinllfisli refuse, i. e. 
what remains aftcM’the ‘Ml(‘>.h has lM*(‘n wwA (Iraurnyuehl^ i. e. 

tJie j*(*sidu(s <!ned or <ii‘()und, of caxi hv(*r oil extraction. At tin* rc*- 
(puxst (»l (he M't‘St phalian ('hanrh<*r of j\‘jri(*nlt ure, (*\ p<*i‘im(‘rrts wr*r(^ 
made* in the* use* of dep^^sits jrmu ereuni separators in placa* oi (*urds 
for tish fe(‘'hin! 

Jha// Inna shtuphtct house itfjal and vareases may som(*times be 
used as a lish f(*cd, bit! jLrc'nerally its ju*ol(*in is lurl ^ cry di».»(‘S tildes on 
account of ilu* lii.i;}r t(‘mpcrataii<*s us<*d iir rts prcjrarat ion. 

Witlr a Aac*A\ to the* coni])l(*te utilisation ol fish offals ami es|iecially 
to the c^ytiad ioir of eveay i»artich‘ of col from lish livc'rs arrd h(*ads 
and fr*oiri otJier oHal used in jucjrariri”* lish meal, tire “ K]i(*;.';sver- 
wertunu’ Kisclrabfalh* (U*sellschaft mil besc-hr ankt (‘r Ilaftairr^^ ” 

Avas establish(‘d at Altotra. The tish meal was tts(‘d for rrrakiit^^ a 
sou[) S(*asonin‘; alt-(‘r* boilinj; with concent i:d(*d hydroc'Iiloric', acid, 
neutialisin^, tlu*n llltcuina, c‘t.c,. For this i’cmisou the Keicdiskommis- 
siir fiir Fisc‘hv<'rsort>'unj>: ’’ (Imperial (Vmmrissary for the* Fislt Suiqdy) 
did not authoi'ise- its usi* as a c*attlc* fecxl but only as a feed for lislr 
iir tish ])r<*.serves. 

Jly or<l(‘r of tilu* ‘Vlicichskoirmiissar fur Fisclivcasoi^^im^i ” th(* heads 
of all hcMTin^s imported wa*ie to be renicncxi and used for making 
fish meal or tish oil. At the end for tin* yeur 1917, adc*!' nin (3 
months of provisional trial, this ordinance- came into full I'oice. The 
annual importation from N^oiwvay into (feu many of 190,009 barrels 
of heiTings (of 100 kg. i*et weight) su])plie<l 1,500,000 kg. of heads 
from which nearly fl0,00() kg. of lish oil (train oil) and more than f00,000 
kg. of fish meal was obtaimxl. 



36 


PABT I. 


The fish-meal waste after the oil had been extracted and the 
soup seasoning ])re])are(l from it and the waste irUm shrimps too 
small for oirlinary table purposes but used in the pre])aration of the 
same seasoning were worked up as a cattle frvA. 

r>y the oi‘(b‘r of 15 February 1917 (Iieicks-Gesctzhlatt^ p. 137), 
all preserved foods luepareil, wholly or in part, from damaged animal 
matter, or in any way unfit for human eonsiiinptiou, had to be de- 
livered to the Kri; gsaussehuss liir Oele und Felle” (War Commit- 
tee ff)r Oils and Fats) w}i(*re liH‘y were*, turned to account for the 
production of Tats. 

At the end ol 1917, the delivery of grain For poultry-Feeding- 
was altogetluT luoliibiteii. As a sul)stitute the “ Chdl iigelbaekf ut- 
ter ’’ was used, a. Fe‘‘d prepared From mill refuse and bran Nachme^i- 
le ’'), and eventually from wxmmI seeds and w^aste consigned by th'e 
Federal Food Otlic.e. 

A Riibstilute named “ \vitin ” was made, as to Avhich no infor- 
mation is available (1). 

Feed snbstiintes w(‘re also made by Jinxing molasses with ex- 
cipients C^Triiger ”) formed from : chafF oF all kinds, ehojjped straw, 
tuinip-s(*(Ml waste and (■hopi)ed p.ait (‘i). 

If during the War (iermany was, as aheady said, the* “ country 
of siibslitutes ”, which to a. considerable exteni, made uj) lor the 
great, laelc oF ordinary ])ro visions it must be admitt.<*d neveu'theless 
that, in this case also, every medal has its reverse side, for there 
was mueli severe critieisjn ol the* substitutes in G(*rmany, some of 
wln’eh was din‘el.(Ml against the war ibod policy aud the rationing. 

For ])urpose.s of information, tlu* Following passage from a work 
by F. IloFr, a memher of the* Keichstag and of Ihe Frussian Diet is 
rejiroduced (3) : 

‘‘ Even in tin* Central Committee oF tlie lleidistag Ave have had 
to listen to an address delivered by an oliieial oF tlu^ Imjierial Min- 
istry For the liit(*iior, in the j)res<me(* oF Dr. IJelfeuioh, Govermnent 
Kepresent alive, which would have realis(‘d the wild(‘,sl. dreams of 
the agrarians. The orator brought home to us tlu- Fact that, by dry- 
ing lees, grinding straw, weeds, carcases, fish, by working up food 
ixdus(*, etc., Avc should be able, even during the Avar, and betb^r still 
afterwai’ds, to fill tlu*. gaiis in our Forage rcsiuves. JUit the songster 
then heeame mute. A memluu* oF the Committing, having asked 
Dr. JlEi.FERKUT Avhelher this new branch oF production w^as remuner- 
ative, the latter... had to reply ‘'that the manufaeture of the said 
substitutes is so costly that the (piestion is bound to arise whether 

(1) (n. V^oM Ba.u, Jii’itragc zur Krug.iwirtnchft ft, [*fxrl 411, Dio krif^pHwirtKcluiftlicJio Kepe- 
hinp: tier EierveraiiriJfunf^ iin Dmitschen Rtnt-h iintcr besondorer Hemoksichtigung der 
Orgfiniaatien ni J*rmis^on Uorlin, 191 H, yi 411 

(i!) Of. H. ScfiTTMACKKU, iJcutHchr V olhstmahrung ut'^l Volksernahrumjspolitik im KHe^c. 
Berlin, ^ Hegnmnn, Uliri. • 

(.*1) Of, F. Muyy, Am Abciniud voruhvr ! iHt Volkavrnahrung im Kriegp. Berlin, G, Reiner, 
1919.» 
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once the Avar ifi over, their preparation should be continned^ the 
highly vaunted 'drying of lees, es]>ecia]ly, is so costly, t hat in eerfain 
exceptional cases they niight ])erhaj)S be used as a tVed for sick ani- 
mals, but never for livestock as a- whol(\ ” 

“The imi)OTtance of the utilisation (d‘ table reliise and that of 
wild idants {e. g., thistles) has bcHui greatly exagg(‘rateil. 

“Many draught: animals in the t(»vvns and in llu‘. eoniitry have 
died from inanition, tli(‘. oltieial ration given them being cjiiite in- 
sufhcient. to sustain them. The situation was sonu'what anieliorafed 
when establishments tor trealing strasv were set up, whieti gave good 
resi dts e v(‘.ry w h 

“ Eegarding the exjdoitation of pastiiiage, on which the Pres- 
ident of lh(‘ Tmj)erial Commissariat for Food Siip]>li(‘S bases his whole 
sto(*k breeding ])olicy, it should be remembiMcd that (lerman> only 
}) 0 ss(‘sses in all (i,r)()0, 000 acres ol past ure and cattl(‘ (uu losures whi(di, 
uniler the most favouralde ciriaimstaiUMS, would not sutlice t-o sustain 
about 7 million head of liv<‘stock for more than 5 ot- 0 jiionths. " 

As a guarantee against fraud, rules wane* drawn uj) in (iermany 
to lix the minimujii and maximmu ju-oportions ol useful or noxious 
substances that liv(‘stock feeds ])nt on the marlud might contain (1). 

According to a Notice daied 21 F(‘l)ruary 1017, tlu^ “ Be- 
zugsvenanigung dcr deutsc-hen Jjandwirtc* ” ((human Fanners’ Oh'j.d- 
ing Association) had to guarantee that the h\ (‘stock i‘(‘(Mls it distribut- 
ed, Ix^sides being uj) to avcrag(‘ standard, had (‘onstituents as follows: 
Cereal umsie : maximum 1 /i, of sand. 

Oal bran : maximum 25 % of raw cellulose. 

Wet potato pulp : at least 15 % of dry mat1(‘r. 

Meat meal or carcass meal \ at least, 55 % of jirotein and fatty 
matter: maximum 27 % ash. 

Herring meal : at least 55 % pridcun and fatty matter. 

Fish meal : at hnist 55 % protein. 

Ground dry blood : at h^ast 15 uitrogen. 

Bo7ie gelaiinr : at h‘ast 15 % protiun. 

Leaves^ root ends a 7 id beet tops, dried : maximum 1 % sand. 

Dry frvii pulp: at huist 88 % of dry matter, maximmn 2 % ot soil 
sand. 

Ground clover hay: no ri^sidiie on 5 mm. si(‘V(‘s, maximum 2 % soil 
or sand. 

Straw flour: maximum 2 % soil or sand. 

Fdiveiss strohkra jij utter (sei^ p. 02): 15 % sugar — th) % of straw 
dry matter — maximum 11 % water. 

Common reed flour : maximum 10 % waiter (15 in c]u)])])(m1, but 
not ground, jeeds) — maximum 2 % sand,* 

(1) Cf. Dr M\s., IHv Krirff^futti nniOi I, K Uln\f‘r. UUS, p]) 7-8. 

AT, J3 — This ftiiblior in (Him luxik liiis own rt'sourc’lu^K Find ihoHO of o1/}ier 6X- 

poriinenterH A liihlioprwiyiliy is Httachod to ouch ehnplor mid Ihi" miinorous rofiiji’nncoH to 
thin work that follow a ro (t) bo understood aw uidicatinji (hal the relevant hihlioj^raphy may 
there be found (A. B ), * 
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Meaf weal : at least 70 % raw protein and fatty matter — maximum 

11 % water. • * 

Afussel meal : at least 9 % raw protein — maximum 7 % water, 
% sand and % salt. 

Grape residue powder : ni least 12 % raw ])rot(an and fatty matter 

— mavdmum 12 % water and :» % sand. 

Tlie m(‘asun‘S adoj)ted ])y the Oovernmeni in Austuia for the 
sn])j)ly of liv(‘st,o(*k fecMls were numerous, and, like those regardinj^ 
huiruin food, (ioju‘(vl to some (^xtent similar measures adoj)ted in 
Gennany. 

The followin^^ in formal ion is taken from a S])eeial lt(q)orl sent 
to the International lristilut(‘ of A^rieult nn* hy Dr. 1 Jkrm\nn KALh- 
UUUJNNT-R and entitled: “Measures adojdaal hy the Austrian GoV- 
ernmcuit- durinv llu*. War (19M-191S). ” 

1Mie ^reat variety (d‘ livesloek fe:eds was due to some extent to 
the st()i)pai;e of hrewa'no- ami of th(‘ distilhuies, releasing’ re,S])eetively 
malt and djied ^.na-in, and distilleiy residues. 

^rhe m(‘asures taken to maki** j^ood tin*, s(‘areity wer(^ numerous, 
hut. had not tli(‘ d(‘sired rt‘sults, foi- livisstoek fee^’ iig h(‘ea,me more 
and nior(‘. dillieult. 

Am Order of 8 May 1915, No. 58, es1ablis(‘d tlj(‘. State control 
of hrans. 

Molasses was reserved for the. production o{' alcohol and thus 
eouhl not he em])loy(‘d in liv<‘stoek leedina'. T1 h‘ yeast used in hrew- 
in^^ dried and ileprived of its hitter llavour, was used hut th(‘ (pianti- 
ti(‘S availahle, were veuy limited and eojdimual to decrease*. 

More use wais made than in the past, of the hlood of shni^htered 
animals. 

The Government carried on excelhmt. proi>a,‘^anda for the util- 
isation of kitchen re'fuse, hut it was impossihle to obtain it fresh 
and utilisahle for ])oultry feeding, so that, the attempt had to he ahaii- 
doned. Nor did they succeed in ^ett.in^ it dried in the home, with 
heat in aj^paratus, as advised. 

The* Futtermitlelzentrale ” (Gentral F(‘edini'st,uffs (Mice) was 
entrustiMl Avith the dut.y of reepiisit.ioning and «list.rihutina‘ all kinds 
of fora^i^, and this c-ontrol was also extended to the dilTerent oil 
cakes. This Oflice also had to dislrihute one c|uarter of the molasses 
Avast e, su.nai-heet. cultivat.ors and mileli cow hreeders havinti* the xu'O- 
feience. 

lT' 0 ])aganda rcf^ardin^ forai^e substitutes was carried on by the 
Government organs of the ]>ress, and their preparation was facil- 
itated, i*specia.lly in the State forests. 

In t he third yeal of tlu^War, the scarcity of wasti^. for concentrated 
feeds was still more strongly felt.. 

PoAvder(*d cockcliahus, the ?‘hizomes oj! rushes ground, and even 
heather, as molasses excipients, were used in thig^ connection. The 
Government, also tried to utilise net.tle waste from nettles used in 
manfifacturing materials to replace cotton, as well as slaughterhouse 
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and caroass olTal, dried and fiTonnd to powder. Uiirortiinatel;^, the 
necessary coal lackin^^. 

During? the war, the fanners used bone nunil more* and more 
for ponlliy and pi^s, but the low prices rendered its eolh‘etiou 
difficult. 

An ord(T of L\S SepleinlMU* 191S, No. 330, dire(d(‘d that horse- 
(‘, best nuts b(^ j^at hered by the joint elTort s o\ school-mast (u s and t heu‘ 
scholai’S. Collecting’ centres wer(‘ thus established., wld(di also had 
the duty of collecliniij other wild fruits. 

A sp(‘(iial t(^chnic.al Committee was fonmal to i‘xamim‘ m^Av fei'ds. 

An Order of J1 October 1910, ]So. ;>19, cornfadliMl all su^ar 
retineries to dry all beet pulp ami delivcu' to the t'et^din^isl ulTs Olliee 
which had to consii^n it siibsecjnently to th(‘. ])rodmuas. 

On 1 May 1917 a “ ETsatzful,termiltela))teiluiru: ’ ( I >(‘par1 imuit 
for Feedin^'st.ulTs Siibstitules) \Aas instituted, whieli plac(Ml on (he 
inarKet various feeds prepared from wast.e j)rodue1s. 01i\e j(‘sidues 
after extraction of the oil A\ere used as livi*slocIv IcimI. 

Attem])ts w(M’e made on a ]ar<i‘(^ scale to utilise* t h(‘ nutiitiv(‘ and 
dig(‘, stive* princi])les eef straAN by treatiiii'’ il AAith sexla mide*r pi‘e‘ssurei 
(se*e j). 92). 

Tlie (3euitj‘al CeeMlinas lulls Olliee* e‘\pe‘i‘ime‘nle‘d wilh many 
feira^e* plaiils ieHM)mme‘nde;el as ne*w. 

It may also be* use*ful to i»’ive se)mi* inlormatiem em the* use made 
te) Avaste and re‘sielue‘S as liA’eNSteu'k fe*eels, elurina’ Ihe* War, in Ibihe*.- 
niia. This iuldrmatie)n is take‘n freun t\Ao re‘j)euls by Prof. \i. Trnka 
at the Academy e)f Aj^rieadture at/ Tabor (1). The* mate*rials use‘el 
wene*: slaujiihlerheeuse eiffaJs, tanning’ refuse, jieitate) teips, asi)arat»us 
teeps, j'hubarb h‘ave‘S, ,i»Temnel whevat and pe‘a siraw, maize* stalks, 
«’rounel he^athei’ tAA'i^s, ^remnel be*e‘t se*e*d, bre‘we*rs grains, lireiad -be*an 
pexls, edive husks, ])e‘at mixeel with .HO % eif me)la,sse*s, eauslu'd ;ira])e‘< 
se*(^eis, abne)nel lve*rm‘ls and plum ste)nes, apjde* le'sidues ;iiid mill dust. 

The*- Alltet) States instituted a. (Umrmission Sfit'niiffquc du l\n~ 
vitaillemcnt (Se‘,ie*ntilie*, rreevisionim^ Ceimmissiem) with the^ task eif 
examiniiij^ the* e|ues1ie)n e»f human leieiel anel liYe‘Ste)ek iea^-din^ (2) be)tfi 
from the* ]>hysiole){>ical and statistie-al stanelpeunts. 

As re*.^uirds fe)oel for livestock, this Cemnnissiem e‘xamineHl the 
quantities aA^ailable*;, eiiirinjr the* last tinea*, years eel the* War, in Fiane'e, 
Italy anel the TTnite*el Kin^nloju, anel elrew uf) the* fedleiwin^’ table^ 

In dederiniiiing tJie ([uantity anel nature* ed e*.e)ne*.emlraled leeals 
nece‘ssary for livestock in the ce)unt.ries eel the Allie*s lor tlie*. a*^rieail- 
tural year 1918-1919, the Commissiein inedude‘d wheat edfals, rice 
husks, brewery anel sufjai’ refinery re*sielue‘s ete*., ame)!!*^ these l(‘e*ds. 


(J) Dr ITof Trnka, Vah^nd knniva — (.Ujsfn'dkrminn u/nioiirft vdlicnd Howpodafsko, 
Chemiokcho vyzkurnrieJu) iistuvu f)fi krAl Ci^esko Hospodui^l'** AUiiflemn v TuUoio. KluIr ll. 

Cislo 14-15 V IWo, fDlH , • 

(2) Of. Commistiion Scicntifiqiic du RavlUtilhmcnt, eieinmil m port : Eood JleHOurceH 
out! Needs of the Allied Countries, 2 nd lloport. Koine, Dee lliJS. 
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Available quanth™s of waste for LivESTo^m' feeding. 


France — 1918-1019 


J'roducUon & linportiitiou 


Wheal and inestliii liiaii and refuse (“inipn- 


reUSs ”) 1,231,500 ions 

llye l)rai], and refuse 217,710 » 

JIarley » 97,285 » 

]\hiize )) )) 97,285 « 

lireweiy and distillery residues 100,000 » 

Molass("s 9,000 » 

r>eef i)uli) from su^ar refineries 500,000 » 

(irn]U‘ residues 700,000 

A])i)le ;ind j)eai‘ i‘(‘sidues 200,000 » 

Skimmed milk 085,000 » 


liahf ~ 1917-1918 

liiee fiusks 17,200 tons 

Maize leavers and stalks 3,781,000 )/ 

Su^^ar lelinery and brewery residm‘,s . . . 300,000 (1910-17) 

drape n‘sidues 210,000 » ( •» » ) 

SkimiiuMl milk 10,000 » ( )> >^ ) 

UniUd T\in(jdoin — 1918-1919 

Molasses, and f(‘(Mls treated with molassi^s 10,000 tons 

nice flour and relus(‘ 10,000 » 

Malt from breweries and dislilleries . . . 130,000 >) 

I'actory waste 10,000 


Tn llEixaiTM (1) the seareity of animal feeds inereascul side by 
side w'illi that of human food, partly on iieeount (d‘ (lerman j(‘quisi- 
tions, so tliat the llelijiaii farmers had a. very liard struj^^^dc^ to keep 
the livestock which they still had alive. 

In ('onneetion with livestock feed, the (lerman representative, 
in a reply to the (kuUral (hops Commission, sui^j^ested replacing the 
shortage of bran by using dilferent vegetable IimmIs, and also recom- 
mended the substit ution of “ carcass 2 )OAvder ” for meat j)owder, 
and the utilisation of tlie liousehold and market refuse which is geri" 
erally thrown into t\ie dustbin. 

When the importation of livestock feeds, including distillery^ 
brewery, sugar refinery and mill residues, etc.., was stopped, the 
Agricnhiira/ Department asked for a reduced rate for the transport 
by rail of fresh ].)u>p from sugar relineries. This^ w^as granted. 

Among the industrial by-iuoducts used for feeding eattle and 
horses, molasses took an im])ort.ant place in 1915, and the manufac- 


(1) Rapjmrt sur Jv funclionncmnLt ct l(ti op^Tat‘ion.s di', la Section Arjricnlc du 

Oomiti^Natvnuil dt Sccourn ct d' ] Itmcntafion. p Section Afj:ri role », 191-i-IOlU, Brussels, 1920. 
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turers undertook to snpjdy Belgian tanners Avith four fifths oJ* the 
molasses produeoi by them in tbe year 1911-3015. 

In September 1936, the Cenlrar Oils (^nmmission allowed the 
Aj^^rieultural 3;)ei)artmeiit to distribute amon^' its provincial districts 
the meat meal coining- from knackers’ yards, \iz., Ld),000 k^- in 
1916, 76,000 in 3 93 7 and 127,000 in 3 9bS. 

The German district aiitliorities had inohibited the iis(‘ of straw 
as litter, but on a protest, beinj^ made, the (iovernor General autlmr- 
ised the use of straAV otTal tor sick animals and those' wit h yoiin^ or in 
milk. 

In addition to the feeds distrilmted by tin' Agricultural Sec'tion, 
the ])rovincial B,('lief and Food (V)mmittees took over the distribution 
of the by-|)rodncts from lloiir mills ami maize-mills, hut oidy a small 
pereenta^ic of tin' live stock could henclit from these, d'liis coii- 
tiibution A\as lurthcr ^neatly reducc'd wlnui the bread lamine ne- 
cessitated the yTiiidin^i of \v hoh' jueal, then' hein^ 1 1ms no j)rodu(d.ion 
‘of bran. 

At ijouvain (closci to the <‘stablisbnn‘nt when^ maize* was trc'-ated 
fo7' its pT'oducts and by -prodmds) a lar^A* swine-i'al ti'inn^ undertakinjLi*, 
afterwards completed by pi^-bre(‘din<' and rearim* pens, was set u]). 
These took the maize by piodiiets at very little above cost i)ne('(l). 

Tin* Gonmiittei*. foi* tin* Noilh of J^hiinec*, on n'ci'ivmj; damaged 
In'.rrin^s from Botterdam, had a InestocK b'C'd madi* fi'om them by 
the factories at Iteniy. 

The same Commit t(*e handed ovei* to the National iW'l^dan Com- 
mittee a livestock tei'd nunb* from dama^i'd eoeoa. A similar fe.ed 
was produced by the faetorii's at. IJeniy and (‘ontaiiu'd : 35 % of dam- 
aged eoeoa, 40 of grouinl '' kafs " (chaff), 50 ‘y,, of bran and 15 % 
of ])oUards. In the course of the iirst half of the yi'.ir 19 IS, tin* fae- 
t.ories at llemy produc'd 10,160 kg. of liv(‘sto<d\ feed from 1,791 kg. 
of damaged cocoa. 

Although t-he jiosition in Framck as to supiilies Avas much Ix't- 
ter than in the Central Fmjures, tin* (luestion ol tin* us(* of waste mat- 
ter, especially for liAO'stock IVeding, was attentively e\a mim'd liythe 
(jOAU^inent. After (‘.onsultation AAith the Din'cdor of the Seliool of 
Veterinary Surgery at Abort, the authoritic's issued a circular (2) 
addressed to the Prefects, dated 18 July 1917, containing a ‘‘ Note siir 
J ’Alimentation dii Betail en ])e7-iode deiicitai7(' (Obst'rvations on 
Livestock Feeding in times of scaicity). The Note shewed that, at. 
that, time many food st.ulfs little utilised, or entirely neglect ed, might 
serve for the feeding of domestic animals. Tln'se food stuffs are: 
pulse unlit for hiunau food — rice and other residues — gjaj)e and 

• 

(1) Cf Rapjtort q6n^^ral »ur Ic lonri iotnununi <‘i left uftf,r<i(i(nLn tin N/ttinruil (Ip- 

.Scr(i?trw et iV Aliirhcntaiitn} Douxic’ine ParOe. «■ l.ir (rAliiiu'iil.ation « Vol h 

BrussoU, Fi'ornoni o( Ou', lO^Jl • 

(iJ) C?f 3V1 iNTSTi:Kic i)w IIavitaim.kmknt (»fcN^;uAr., Hfruiil (l<i< L<h,h, UcrrrtH, 

Uapporis, Dociimnitti int^ri'SHant if liavitutlUnK nf dt hi Frinnf, I I'tiris, Irnjjr. 
Nat 1917, p. 318. • 
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api)re residues — lieather — broom — mistletoe — the leaves and 
twi^B of trees — vine leaves and tendrils — ^^oiwds — etc. For 
swine feedin^^, reeds nii^ht be turned to account . 

Use could also be made of tanninf? refuse, fislimeal, and t he con- 
tents of the paaiudi of slauf^htered oxen. Horse-cliestnuts and 
acorns could also be brought into j^encj'al use ; th(‘. former are more 
esp(*cially adapted for slie(*j) ; cattle also consume them, but the re- 
sults are less satisfa(*.1 oiy from an ec.onomical point of view. They 
may also be ^iven to horses. Swine invariably reliise tluaii, and t hey 
are poisonous in tlu*, cuse of fowls, ducks and i?e(‘,se. 

“Undoubtedly considerabh^ (juantities of really useful foodstulTs 
are not used at- all, or not ri^hlly used. Ortain feeds, known in 
some 1 )cpartme-rits, aae unknown in otiuas. T1. is therefore of frrtet. 
a.dvantaae, economically, (o ditfuse ]U‘actical kiiowleii^e on this quest- 
ion amon^’ stock breeders and owners <>fenerally. ” 

In S])ite of the- concise but very useful c-ontemts ol Ihis Circular, 
the queslion of livestock buals ou^ht., ac-c.ordin;^ to soni(‘ writers (1), 
to be examined also fj'om tlu* ])hysioIo^'i(*.al point- of view, so as to 
obt ain informal ion on the sysUanatic and ec,()nomi(‘.al use ol livestock 
f(‘-edinjO’ st uifs. For ins(anci‘, M. LiXiKNDRE, Si*( ielary ol the Com- 
mission (rAlinieutalion de la Societe de. liiolo^dc (Food Commission 
of the Uiolo^ical Society), after dealinj^ with tlu* scar(*ity (d‘ live- 
stock feeds and the utilisation ol nunuTous substitutes, says: There 
is above*- all no piratical knowledge of tlu* jiliysiolo^^ical asjiect of live- 
stock feedin^i’, a qu(‘Stion which has not yet be(‘n foimulal(‘d in 
France, in spite of its ^reat <*conoinic. iin])oj'tan(*e, and all that is 
available are t he insiiHicient data furnished by some exjierts, Bup])le- 
mented by some ])ractical information coll(‘-cted on a farm by (louiN 
and AiVDOiiAitr). This jiroblem of tlu* scimiific feeding of farm stock 
is one of those which riupiire the most urfi'cnt. att.(*ntion to-day. 

To rmiiedy the scarcity of fora^ic, tlu* “ Tnt-(*ndaiice introduced 
forage mixed with molasses as a horse teed (as part of the ration for 
horses), and, for that pin jiose molasses were n*quisitioriC(l and priced 
according t-o their su^^ar cnnt.ent (2). 

Finally it was ordered, by a decree of 21 S(*f)tember, 1910, 
relatin'^ to cereals unfit for milling-, Hour unlit- for making bread and 
to short weights of grain or Hour in t-lu* mills and bakeri(*s, with a 
view to checking certain regr(*ttable ])racticc-s which had come to light, 
that the following could not be sold without the authorisation of the 
“ permanent cereal bureaux ” : cereals which had become unfit for 
grinding, (*-ereal r(*-siducs and Hours which had become unfit for bread- 
making as well as the olfals from tlu*se Hours. 

Persons 1-aking sucdi ])roduee had to undertake to use it- for feed- 
ing th(*-ir stock or fdr industrial purposes without yights of disposal to 
others (3). 


(1) *Cf H. JiKOENruKE, Alimrntatirm, RavitailJrmenl, I’aris, 1920, p 300. 

(2) Cf Mottheatt, (tp cit , 145 

t-'l) Itccuiil dva lom, etc. Vol. VI, 1920, ]i 88 
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In Italy, in spite of the scarcity of forage, no special nieaiAires 
were taken to colfect and utilise waste, in the way adopted (‘specially 
in Germany, exc-ei)t in the case of olive residues. A Lient(‘iiaiiey De- 
cree dated 2 SeptemlxT, 1917, Iso. 1479 (1), foj-hade the use as 
find of olive residues not treated with solvents, and aft (*,rv\ aids or- 
dered the residues aft(‘r thorough trcatnumt to 1)(‘ i)la(a‘d at the disjM)- 
sal of the .National Fiud C<uninission, which had to allocate tluMU 
for use as fiicd. Kegarding th(‘ possibility of using such exhaust(*d 
residues as a [iv(‘Stoe.k feed, tlu‘ D(‘(*re(‘ says nothing. 

In (conclusion, Italy did not leel the absolute n(‘eessity of hav- 
ing ree()urs(‘ to r(‘sidu(‘s or o1h(‘r matters not (‘hissed as ordinary live- 
stock feeds, oth(‘r than i\w eominoii use inadi* of th(‘ residiuss left 
from the grindijig of e(‘reals and Irom the extraidion oT oil Irom grain, 
because, even during the War, the fanners vv(‘r(‘ abb* in s])ite ol the 
great scarcity of labour t.o produce at h^ast, th(‘ absolut(‘ly n(‘C(‘Ssavy 
feed for livestock. 

This was also (he cas(‘. in the other count i‘i(‘S ol 1h(‘ tbit(*nt(*, 
Avhieh (‘X[dains th(‘ gT(‘at> diUVrencc*, both as toniiniber and nature. 
betw(‘(‘n the nH*asures ado])t(Ml by t h4*S(‘ Slat(*s and t hos(‘ t.ak(*n by 
the (huitral Eni])ires, (*spec‘ially (l(‘rjnany. 

In the l/Ni'l’KD Ki]S(iT)oiVi, which, in spile of tin* action oT the 
G(‘rnian submarimcs, could continue to gel sui)])li(‘s Irom the Do- 
minions and Goloni(‘S, littl(‘ n(‘ed v^as felt for rix'oursi* to wast(‘ jiroducts 
for food in g(‘n(*ral so that llritish sp(‘(*-ial l(‘gislation (2) includ(*s no 
particular in(*asui(‘s other than thos(‘, conc(‘rning tlu* use* of (‘(‘V(*,als, 
of tludr by-])roducts and of the ordinary food, (beat activity, on 
tlu^ oth(‘r hand, was shown in th(‘ mattiu* of IVrtilis(‘rs, to be described. 

An im])ortant ()rd(‘r dated 27 Sejd., 1918, lioit' direct refereime 
to th(‘ collection and utilisation (d' waste and refus(‘, and laid down 
th(‘ following giMiei’ai rul(‘S (2i) : 

Th(^ Ainiy Goun(‘il, in c.onc.urr(‘uce with the Admiralty, the, Min- 
istry of Munitions, th(‘, Hoard of Trade, the Hoard of Agricultun^ and 
Fislmries, the Food Ckmtrolhu* and the Local (iov(‘rnni(‘nt Hoard, 
has full powau'S to regulate*, jnohibit-, and give directions relating to 
the collection, (l(*.st ruction, disposal, sabs purchasi*,, d(‘liv(‘ry or stor- 
age of warst(* as (b'fiiuMl for tlie })urpose of the ord(‘r, and may (amler 
on any local authority sucii jiowers as apf)(‘ar n(*c(‘ssary foi’ the pur- 
pose of giving effect to tlu^ order. 

The local authorities could also be aulhorisiMl, iqion tlu'-ir own 
ap])lication, in any case wdua’c r(‘fuse was (‘olliH-ted by the authority, 
to utilise any siudi wasto for any purjiose judged suitable. 


(1) Cf. Rdccolta dcJIr t dt I Dcfrcit ihl Itajno ikt ^li aniu 1!114- 

1920 Romo, Tipo^jrafia delle 

(■J) Cf. : 1) Manual of Eiiiurj^oncv J.opislMtioii Oefeiifo of llu* Ronlrn Manual, S.'pl , 30, 
1919 London, H M Stationery* OfIVo — 2) Siipploineiit lo I he Manual f»f hhuor^<‘nL‘y 
Le^i.slution London, H.*M Stationery Ollice, 1914-1915 • 

(3) Manual of Emoi’KoJiry Lop;islatioii Lofoiico of tlm Realm ’Manual, 8lh 1 'ji.I , tSepl. 
30, 1919 l.ondon, 1919, p 48. * 
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Was finally to be a clcfinition of the material that for the 2 )ur- 
poses of the regulation was to be regarded as was4.e. 

renaJties were (uiaeted against those who should not have ob- 
served the measun^s and carried out the orders relating? thereto. Special 
conditions wctc indicated for the appli(*atioii o! the Act in Scotland and 
Ireland. 

The Jlritish Mililary Anthorities (1), diirinji^ the War, obtained 
good r(^s^lts from the utilisation of waste products of the field 
food factories, tlje t.otal reecdjds amounting to £ 700,000. It 
may be cstimaUMl that from this utilisation about 13,000 tons 
of suet. W(‘re obtained, yielding 1,300 tons of glycerine, valued 
at £ 312,050. 

The fac,tori(*,s working for tlu* French Military Aiitlioriti(‘S 
2 )lied .500 tons of glyceiine. i 

Oth(‘r somc(*s of ])r()tit were the* sale of hors(^,-hides and bread- 
crusts, the \itilisation of bones, etc. 

In ltU7 the British Military Authorities rcaliseil £ 5.020,000 
from tlie utilisation and sale of all the waste ])roducls. 

In spite (d‘ the great production of aiiirtial and eg(dable foods and 
forage in the IbNJTKD Statjos (d‘ v^hich a large part was destlncMl to 
siijiply th(‘ Allies during the War, the food consumi)tion was c-oii- 
trolh*(l and a sp(‘cial administration for this work was cremated under 
the naim‘ of “ Food Otlice 

A si)(‘(aal de])artm(mt ol this ()lli<*<e (2), known as the “ Gaibage 
Utilisation Section ”, gav(^ partic-ular attention to the collection of 
hous(*hoId refuse, especially in the large towns. Owing to the ac- 
tivities of this Me(*tion in llHcS, in 10 towns, with a total ])o])ula- 
tion of 2,217,000 inhabitants, the household ridiisc*, which had jire- 
viously b(*en wasted, was utilis<‘d as swine-fecd ; in addition, 3 towns 
now^ have an installation for extracting the fats from this refuse and 
converting it into fertiliser. 

The monthly it^ports on (he Ireat.metiti of this refuse show' that 
more than 25,000 tons of fats have been extracted, and over 100,000 
tons of fertiliser obtained, from th(‘ lionsehold refuse of about 10 
mi 1 1 i o n inhabi la n t s . 

The llesli of swine fell on this refuse up to 1 Oelober wms estiiii- 
ated at. 30,000 tons, the refuse being obtained from 12 millions inhab- 
itants. 

In anenrdanee w it h t lie “ Food Control Act ” of 10 August 
1917, in the United States molasses must be sold aceordiiig to the 
trading laws in forces in the various loealities wdicre jiroduced and, 
like synijis, cannot, be ” cornereil ” (3). 


(!) Dr Th . .*|i rit 

(i?)Of inniiiif Hr ftort of tfn U. S F.tnd Adniini'^trntihti for thr Yrar 191S, p 1'; Wa.»h- 
inRloiK*Gf)V Print Olliro. ]1)J9 * 

(3) Cf Tlio United States Food Administration and the U. S Fuel Admin Mossapes 
from* the Prebuli'iit of the U. S , W ishiiijilon, Uov. Print Oftico, 191K, 
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' III. — FERTILISERS. 


Agrieulturi8ts wore A\ell a\Miro, before the war, lliat all 

kinds uf vepelable, auiiual, and evcai mineral wasU^ when siiHi- 
ciently decomposed and sid>jee1ed lo special IrealmeTit, can be used 
as fertiliser. 

Diiriniu^ the War, llicrcfore, the dilferent (lovcrnimails did not 
find it necessary, as in the case of food snbstanc<^s, lo tak(‘ sl(‘ps to 
regulate and enlorcc* tlic coll<‘ction and ntilisation of nnnnnoiis wasle 
products which were fornnaly wholly or partially neglc(‘,teil, Never- 
theless in certain count ri(ss tli(‘ opportunity, and sometimes the 
necessity, arose* of (examining more closely <‘e,rtain pnestions rc*lating 
to manuring; and, in consetjiiema*, ns<‘fnl and imi)ortant action was 
taken. 

PnNatcly, as w(‘ll as otlicially, through oral and i)r(*ss |n‘of>ag- 
anda, action has been taken to nige rarmers to utilise* all waste 
mat(‘Tial unlit for Iniman or animal fooH, so as lo h*ss(*n, at least 
partially, Ihe serious conse(|iu*nce*s altemlant on tin* absolute* lack 
in certain ce)mitriea, e)r the* great se*are‘ity in (hheas, e)l' the* e)relinary 
fertilising matters s\ii)plie‘el by the trade*. 

The* gieatest neeid was fe)r phe)Sj)halie* fertilise*rs, and then, with 
the* exce*ption of (Je'rmany, tor pe)tash anel nit re)gene)ns tertilisen'S. 

}ly tlie emj)loyme‘nt e)f more in1(*nsive* pre)e‘e*sse*s lor the* nitre)gen 
produceel l)y elistilling jnl-coal anel by largely extending the mannrae*- 
tnre ol synth<*tic ammonia by the* IlAnmi me*the)el anel that of riilric 
ae*id by the vSeaioNTnoKU methexl, (ie*rniany siiccee*de*el in iirexlncJng 
the nitrogenous substance‘s re‘epiiieel in 1 he* War and alse), to a cem- 
sielcrable* exte*nt, 1he)se neM*eled in agriculture*. Jle*r potassic salt 
mine*s supplie‘el all the* [)otash ne*eeleel, but, e)n the* e)the*r hanel, the 
imj)e>rlation of ])]ie)sj)hates was e*ennj)le*te*ly s1e)j)peid, and she^ hael 
te) confine herself te) the* eamstant, but insnlhe*ie*nt pre)eluct ie)n from 
bones. 

In the ce)untries e)f the* Ent(*nte, on the*- e*e)ntjary, while* it was 
possible to ke*np U]n iei a limit eel e^.xte*nt, tlu* sui)i»iy e)l mineral 
]:)hosphates, the* epiaiitities ol nitraie^ anel pe)tassie-, salts ledt e)ve^r lor 
fertilising purposes by the* munitiejn we>rks fill lar sheert e)l the re- 
(piireinents of agricuiture. JIenc^^ tlie synthetic anel non-synt h(‘tic. 
X)roeluction of nitrate salts anel nitric aciel, were e arriexl further, ainl 
recourse w as hael (as will be seen in t he*. Scconel Part ) t o v(*ge*table 
refuse in ord(*r to obtain j)efiash ; but if the ne*cels of tin* armies were 
satisfied, it was impossible* to satisfy, ex(^ep>t to a ve*ry small extent, 
those of the se>il. ^t, was then that the farmers etf their own accord 
used all kinels of waste matter to maintain, at least ])artially, soil 
fertility, as the problem of the fooel Kuj)i)ly became more and more 
urgent on account of the submarine warfare and the in(.*reasing 
scarcity of labour, which affected every part ot the Ixdlijerent 
countries. • 
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'The following statistical note (1) shows the quantity of nitrogen 
from 7Amste used in Germany on the land cultivaUid before the war 
in the 30 cliief (‘.roi)S (an area of 81,250,000 acres). The yearly re- 
quirement was 3,005,000 tons of nitrof;*en, of which 1,674,463 tons 
were forih(;ominj? from dilTerent, sources, amon^ which waste mater- 
ials represcnied the- i’ollowiiij? (jiiantities of iiitrof^^en : 


Thirin 127,500 tons 

Tinman urine 76,650 » 

Solid e\(;n*m(‘n1s 100,000 » 

Industrial waste products 100,000 » 

h»y jn'odncTs of ;?as industry .... 71.300 w 

Total . . . 475,450 tons \ 


The di11er(‘nc.(‘. bet weem this total and the 1,671,163 tons mentioned 
represents t he nitromm conlairied in : seeds — atmos])herie. pnH'ipilation 

— baclena in legumes — ealeinm eyanamidc — synthetic ammonia 

— inqjorlcMl ]utrat<‘- of soda. T1 hm‘(^ was thus a eelieit of 1,330,537 
tons of nitro”’(‘n, whieli had to be made up for lh(‘ most part, by syn- 
th(4i(*. ammonia, the j)j'odue.tion oi wJiich was ^in^atly d(na‘Tope<l. 

In Austria (2), as also in all the olhei- countries, all j?as-works 
were ol)li^nMl to collee-t the ammoniacal ivat(‘r and pass it over to the 
faetori(^s enpij’e.d in iitilisin^^ it. 

The uliie factories had to ^rind l)ones to powder, and in order 
to suiqdy tlumi with th(‘ necessary (piantity of bones, a thorouj^h 
system of e.oUeelion w'^as carried out., esx)eeiaily in the military 
slau^Titer-houses. The same took place in Ihe other be-lliiierent 
countries. 

The trarisforniation of ])hos])horites into sux>ei‘ 2 )hosi)hates entirely 
ceased, ajid tin* small junduction of basic shij^' was encomat^ed as 
much as i)ossible. 

Tlu‘ x)i‘i(‘es of phosjjliat.ic fertilisers of all kinds wiao rcf^ulated 
by the Order of 31 July, 1915, Tsb). 224 ; the Order of 11 May, 
1916, No. 13t», i)laeed under one management tlie undertaking's con- 
nected with bones and their derivatives, and the subsequent Or- 
ders (of 11 May and 29 June, 1916, Nos. 137 and 206) fixed the 
prices. 

“ Ilohlendunaer ” (eave fertiliser — bats’ excrement) was also 
utilised, but Ihe sear<iliy of xdiof^phates continued to increase to such 
an extent that in 1918 only 7,090 tons of ground bones and 1190 
tons of sn])erpliosf hales were available. In 191J) the quantity of 
ground bones fell to 500 tons. 

(l^d 1 nti:kn AT ioN \i. OI-' Arjiirftri.'t trni’, lntrrnaln<mul Reiuiv uf the Science 

anr} J^nirtirv of A^^riculfv/ , ^ Nov 1021, No 1001 

^2) An oriiiny; to H K m,i mtuNNf ri’^ RopoiL, a’roady (iuolod (Roc p 38). 
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In Belgium (1), the. Governor General, hy a I)tM‘>ree dated' 27 
March, 1916, fixe^[ the following inaximmn prices for tlie dilYerent 
ohemical fertilisers, waste products, etc. : 


Fertilisrrft. 

I'rifO prr kih 


of lilt log'll. 


in liaiK-H 

PoAvdered lioiTis 

2.10 

Ground dry blood 

Powdereti hides, avooI waste and other 

2.00 

similar ])roducts : 

a) raw 

0.50 

h) dissolved by st.(‘am or sulphuric add 

2.10 

Prude ammoniac produels 

M.20 


('ompositc^, oigaiiie- fertiliser (jissolv((l by 

siilphuj'ie, acid 2.70 

At the end of 1910, the ‘‘Toal I'ontrol ” jOae-ed at th(» disposal 
of the. AgrienltiTral .1 )e])art jiient 117 Ions of aimnoniacal water c.on- 
taining 5 % of ni(rog(*ii, MO tons of sulphate! of ainnuuiia niannfaclur- 
e.d by means (d bisul])hat(‘ and peat and 40 tons of nssidnary matters 
containing 5 % of nitrogen and lime. 

The 1 )e])ai‘tmeiit had these various fertilisers usimI on the, sj)ot 
eithei* liy sju’eading tluaii on lli(‘ bare ground or by ])oui’ing them 
into fiui'in c.isteriis. 

Use was also made of a fertiliser* called “ ” e.oming from 
sifted street sweepings, ])oor in fertilising pjincij)l(*s but fif rapid 
action. The following (jiiantities were; bought and distribnUrl : 

in 1915 2,400 tons 

1916 1,800 ), 

1918 5M0 ). 

Regarding mill the Agricult ural Se‘et ion was informed that 

they were bought for ju'epaiing livi'stoek feeds and for mixing with 
fertilisers. As this elust, contained spores and olher injurious mat- 
ters, the Agricultural Department, decided to tak<^ measures to pre- 
vent its being idaced on the market. 

From an investigation made on the subject, during the month 
of December 1915, by M. Graetiaii, at the request of the Agricul- 
tural Depart TTient, it was found that t.he quantities collected were 
from 1,000 to 1,200 kg. ])er week in each faclory. All this dust was 
sent at. the expens^-! of the VomiU National to a ftietory at Brussels, 
which paid 7 francs per 100 kilos for it. In this factory the waste 
matters were separated as ^follows; 


fl) Cf Raqiport sjt^cinl sur J< functifinntruffii d h s ih hi Section aifncolc du 

Comity nationrd dc src^^nr,^ it dhitinn ntntion Section n»14 liUii Unishil-, 
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1) Wheat small si raws, for lining brewers’ vats and for feeds 

treated with molasses. ^ 

2) Husk, tine straw refuse, etc., especially for feeds treated 
with molasses. 

;i) Small seeds and grain offals, for poultry. 

4) Dusts, sold at 4.50 fr, per 100 kg., for j)reparing fertilisers. 
M. (liiAFTiAU dr(‘w the following conclusions from his invest- 
igation : 

“ a) All mill dusts should he sent to central d(^i)ots and screen- 
ed, in ord(U' that th(‘y may not enter in a raw state into livestock 
feeds. 

“ h) The consum])tion of straws, husks, small seeds, is one of the 
enuses of tlie pro])agation of rliseases of wheat. But- as means eijist 
for counteracting these, such products may he uscmI in the preparatibn 
of feeds when there is scarcity. It would h(‘ desirable however 
to have them st(U‘ilise.d lud’ore use. 

“ c) Dusts S(‘])arated from fdant ndiise should be exclusively 
used for manuring mi'adowdand. ’’ 

Bellowing this r(‘.port , lh(‘- “ Bouseil general de la Ijigue dc defense 
eontn^. la fraud(‘, ” ((icneral Coiincil of the League Protection against 
Adulteraticm) recommended the following measures: 

“ 1) The sending of all dusts from the ch‘.aniug of grain to 
special establishiiunts for screening in order to prevent their intro- 
dnetion m a raw state into livestock feeds. 

''2) The. work to be done as jol) vvojk as in milling and the 
sales t ;0 be dire(d to the e.onsunier, in order that it may be known for 
what imrpose the scnnuied products are uitend(‘iL 

"5) Saleoftlu^ cleaned depoussicres ”) ])r()dnels for the fol- 
lowing pnrpOvSes : 

‘‘ u) Small straws (Pailldhs) for brewing or as forage. 

“ /;) Dusks and line residues for the manufactiure of feeds 
treated Avith molass(‘S, etc. (Preference should b(‘ given to uses in 
which the sterilisation of the germs is brought, about). 

c) Small seeds and grain residues tor poultry. 

“ J) Sale of the dust as tVrtiliser for m(‘adow land. 

“ h>om an analysis of two sainides of mill dust made for the 
“Comite National” at the State Laboratory for Analyses (“ Labor- 
atoirci d’analyse de TEtat ”) at Tervneren, the following approximate 
estimate of their value as fertiliser was made : 


No. 1) Nitrogen, 2.64 % at 1.50 fr. per kg. . 3.96 fr. 

Phosphoric Acid, 1.11 % at 0.50 fr. . 0.55 » 

4.51 fr. 

No. 2) Nitrogen, 1.76 % at 1.50 fr. per kg. 2.64 fr. 

Phosphoric Acid, 0.75 % at 0.50 fr^ 0.37 « 


3.01 fr. 
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With a view to unifying the action of the Pro vine, iai Coinniit- 
lees in this inaljer, the Agriculfural l)ei)artin(Mit broiigiit these 
measures before the notice of the Ts'ational Pomriiillee. in a letter 
dated 29 January, 1916. 

In June 1916, in conHe([iiene.e, of anotheT letter from tin' Sec- 
tion on the same subject, the National P()minitte(‘, nuiiiested the 
Provincial Oomiuitti'es to sell no more mill dust to manufacd urers 
or middle men, but to place them al the disposal <d' llie farmers. 

In October 1916, the Section calh^l the attention of the Provin- 
cial Sections lo an offer by the iirm TjAGRAncsk of Antwer]) to f»ay 
20 francs per 100 kg. delivered at Ant werp ft>r liin^ and coarse wheat 
husks and '‘paillettes obtained by treating mill dnsls. Ihiey were 
to be employed for ma,nufacturing a fe(‘,d mixiMl with molass(‘s e, ailed 
“ Sucrema 

“ 8uch, ” — to quote the Defiart.inent — ‘‘ wen^ the meagr(‘ sources 
of supply in fertiliser at the disposal of our farmers during tlu^ War. 
It is surprising that- with th(‘ shortage of farm manures, r(‘,duced 
both in quantity and richness through the dee-rc'iase in livestock and 
lioorer feeding and in the almost total absence of chemicnl fert-ihsius, 
the production of the soil in Belgium could be maintained for a 
jieriod of 4 years ai- a rcs])C(d-able level. To ellecdi this, the, country 
had to utilisi^ the accumulated reserves of manures. Shi^ (UKU'oaidied 
on her (capital and im]io\ (uished h(‘r working r(‘Sourcc‘s 

Jii the. United Kincjdom, very active, measures were laken to 
ensure the nitrogim necessary not- only for the manufactur(‘, of muni- 
tions, but also for agihadture. Alf hough the general conditions of 
the su])ply of raw material had become more and more serious, cwiai 
in Ihis country, her (‘-olonial and foreign tra-ih^, was mwer (mtirely 
cut off. Nevertheless, v(U*y valualile work wa»s don(‘ by the Nitrogen 
Products Committee, and fh(‘ jiublication of all the results of its in- 
vestigations was very useful (1). 

Of the numerous subjects treat-ed in detail in the work redVred 
to above, meiiliou only will be luaile of t-he following, which will be 
considered from the te,chtue,al point of view in Part II: Nitrogen from 
schists — Nitrogiui from peat — Nitrogen from sewage watia-s — 
Nitratcid ])rodnets of a-grieulture — et-c. 

The Ministry (d' Munitions of War issued a J)e(U(M». da1i‘.d 7 Aug 
list 1917, mdering that the |U’oduct.ion of blast furnace (“haut- 
fourneau ’') dusts, t-radiiig in tlH‘ same, theij’ treatment and analyses, 
be submitted to tin* (-ontroller of Potash Production in tin* Min- 
istry, 

The “ Fooil Production Dcjiartmcnt ” siqqdied the Agricultural 
Experiment Station at Rothamsted with t-lu^ lu^.c^^ssai y funds foi* a 
series of investigations having as tludr object thi‘ discovery of tlu^ 


• • 

(1) Ministry OF of \V vr, ^ f'nnd Jivfmrl l.oh'lou, 

n, M Stationery Onif-e, * 
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best, irieans ol transforiiiiiig straw into manure without first using it 
as littiu-. , 

Jn Scotland the Commission of Enquiry on Food Production 
in one of its li(q)orls suggested among otlier points the following (1): 
1) Carefully k(‘ej)ing human fertiliser for apj)lication to the 

soil. 

‘2) Csing as forage all suitable straw ami for litter replacing 
straw by i)eat. 

3) rtdising as nnicli as [Kissible the sewage wuters of towuis 
and villages. 


For 11 mi maiiufae.lure of nitrate fertilis(‘rs,in France^M. Deshayeh, 
Deputy for llu^ Oise, look the initial ive in recovering dried blood apd 
otluu' residues. The recovery of t.hes<^ ju'oduets was only organisfed 
in 1910 All slaiigii1er-hous(‘ oiTals (bones, horns, blood, etc), were 
r(‘Ct‘ived al a Ceiilral Depot at Ablis Faray (Seine & Oisii) (2). 

make* good I he luck of ]>o1ash, fidl use was made of the salt 
pits al (brand in Camargius and tin* salt marshes ami lakers of Tunis, 
a.lso molasses ami 1 1n^ water in vNliicdi wool had becui scour(*d (3). 

In tin* “ lb*(‘n(‘il di* lois, decrets, arret es, ct. . interessaiit li*. ra- 
vil ailh‘nn*,nl dela Fiance* (1) " (vol. VJI, 192.1 , j). 209) wi* liml a “Lisle 
et. Qiiotil^s des prodiiits alsac.i(‘ns-lorrains exempts dc droits eTen- 
tr6e e.n Alleinagne par TAit.OH du Traitc <l(* paix ” (Tjist amt Quo- 
tas of firoduets Iroin Alsace Lorraine exeanid from imiiort duty in 
(ierinany by Arl . 08 of tin* Peace Trc‘aty), to wdiicli is annexed the 
Deej“(M‘ (d‘ 29 D<*e(‘inb(*r 1920, which establishes tlie exemidion as 
from .11 daiiuary 1921 to 10 ilanuary 1922. 

Among t liese* ])i‘o(lucts, an* <iiv <*n lK‘lons tliosi* l)(*aiiiig on the 
presen 1 article* ; 


lOtli Lags ami waste* nf all kimls 

28tli (.'Oflcc grenmels 

.‘list h\)revs1 [uexlmds, osie*rs lor baske*! mak- 
ing), sawdust ami wooel elii])S 

51st Vinegar, lees and yeasts 

ri.'bei Waste jireielinds ed* agriciiltnn*, including 

brans . 

(SI 111 Leather waste 


0,-100 Ions 
iOO )) 

1 ,250 )) 
800 

47,0.30 » 

l.OSO )) 


in the i NiTET) States, from May 1910 to Ajuil 1918, human 
I’ooel waste* was ceillee-leel in 90 towns, anel one town in partieular also 


(1) Cf n(']>i)r 1 1)> llio J)(‘pi Cdiuimbsion Bpjiouilcd to jn<)iiirc into i}ie question ot inain- 
laini and d pi.ssd)le iftdciism^ tlio pici^ent rrodnetion of Foo(J in Scotland Edinburgh, 
1!)15 

(2) e'f e’lT WouiiKAr, work ciuoted, p l.'I7 

(II) eq (.III MouitK.^TT, op cit p 177 t 

(4^ T(i far'ditiile tlie iddisalion In Pluidors m the Krencb Oolonjos of residues from colonial 
induatnc'*’, tlio Directors of the licvur \(jnrijfr of Reunion Island (n“. 10, 1021) conceived 
the 4 (Ion of oilciiiig tbc farmers a book dealing wilh rosiduos. AVitb this object in view. 
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took slt^i>s to extract tlu‘ fats from them. The total population of 
t-li(‘.S(‘ towns was ^hoiit 2i\ millions. The waste eolhnleil in the two 
years amounted iu all to 4dH>8,(lCh tons ; in VJ towns, witli a j)opnla- 
ti(m of 7,t)cSl,711. .1,00.5,118 tons of waste wiae eolleeted in the two 
y(‘ars, from \shieh LM.71tl Ions ol fats w(M‘(‘ (extracted (1). 

It has been provi'd that tlu‘ (‘xtvaelitm of fats from S(‘waj;e by 
intlnstrial ]n'o(‘i‘Sses is not ad\ anta^eons from an eeonomi(‘al \»oint 
t>f ^\v^\. 

ddie rxti’aetion of polash from seawei^d was also earri(‘d fnither 
(set* pai^e 207). 


IV. — WASTE AND RESIDUE SI ATISriCS. 

The j^reat ecommue imj)ortane»‘ of waste prodne-ts and 7’esidues 
is el(‘arly shown by the stalistfeal data available, in tin* ease* of many 
materialSj but iinfojlnnately m th(‘ jnesent state* of slal istieal levsearidi, 
and owin^' to the nature* ejf the materials tlK‘.ms(‘l\ e^s, the* ejuantity e)f, and 
traele in many e'asevs still remiain nnelelerjnine*d. It wendd howe^ven* 
be iised’nl to lx* m a pejsilion to aseeadain what (piantity oi' waste* anel 
residues (‘oulel be* de})ended npenj in case* ol n(*e*d il any ;^i\’en e*al e‘‘;‘e)ry 
has to be snbie(*t(*el le> a pr(x*e‘ss of inelustrial or a^rieadt ural utilisation. 

The statistical elata ol the*, total jirealuct ion are 1 unelamental, 
but tak(*n ahine* are* iie)t sutlieiemt te),i»ive‘ the farme*,! a ])re*i*-is(‘ ne>lhm 
of the dil‘fe‘re*nt, ways in wJiieth waste* preielucls and resielue'S may be 
utilise*d. The* data as te) ])reMlnetiem t here*, tore* shendel be* fedle^vve*d by 
eithcir elat-a on the* e*hief ns(*,s, alreaely iieleijdeMl en’ te) be* applie*d,or waste 
proelucts and re*sidue*s. Thus, tor instane*e*, as re*^nirds 11 uwny) 
wdiem the ave‘ra^e c^emlent in nutrili\e assimilable* matte*i's is kneiwm, 
the epiantity e)l eli^e*st ible* material in t he* wasl e* jnealne*! s e e)uld be* asoen- 
taine,el,as we*ll as the*, number eif e*.ale)rie*,s anel I he* ie*latie)n in value*, be*t we*e*,ii 
such maleuial and the* foods m enelinary use*. The*se* Ibeiels eould thus 
))e re*])lae‘ed by the* w asl e*. prealuets and, ein this basis, the* unit and teilal 
value* e)f the residue's e*e)nld alsei be ase*,ert,ained. 

As te) I ji restock jeeds^ when the* elata for ])re)dne'tie>n are available^ 
and the*- aveuaf^e e*e)nte*n1 in nnlritive* eli^u*s1,il)]e* e*,le*nients is known, thei 
ejiiaiitity e)f these elements ee)rrc*,sj)e)nelin^ te) the (e)tal pi'odn(die)n (*,an 
be eletermined, anel then the* (juanlity ol eerelinary feeds w hie*.h may be* 
replae'.eel by waste |)re)eliicts and alsei the* teital saviiii; edfexde'd, basirij^- e)n 


I lie uollet;tio(i of Haiofjlos of rosidiics from i)erfuiJio di.slillenefi, t t c , and (Jn* sending of tlio 
samples for analysis in h’rauer. has alreiulv lan'ii begun 

“ When the farmer sa\s ihe Review, " has before hmi a residue from an agrienlturnl 
industrv, he should not look upon it aa an iiuTt and rotting mass which, after a certain 
time, will ho tran&forined m(o mould, but slionld consider what can he produced from it, 
whether it he aiiimak vt'getable or 'hoiisehold r€*fuse, il ntilisod ihns iricTcasirig the valno 
of his holding. — ' e 'onseqittiitl V it is of the utmost iinportnnee ihal ho should contrive to 
utilise these rosidues ” 

( 1 ) Koi.,M’.ii, Dr Th , work cpioted • 
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current prices. Further, taking as a basis the figures which re- 
X)reHen1 the j)rox)ortions of each of the nutritive (‘iements of which the 
various fuiidainenlal rations are coinjiosed, the number of rations cor- 
responding to each sx)ecies of animal and their (jorresponding value 
may b<‘. determined, according to the total quantity of element s. 

As regards Fcrtilisarsy after the total xiroductioii of w^aste jiro- 
ductuS and tlieir average (content in fertilising elem(uits lias been do- 
tcrmiued, the* corresponding quantity of these elements may be de- 
termined, and aft(Twards, the quaiilitir^s of ordinary fertiliser which 
may be replaced Iry lb(‘ waste ])rodu(‘.ts, (lie total areu of (he different 
ero])S which may lx* iVrtilised by them, etc. 

The Tnt.(u-na1ional Institute of Agricult ure already makes enquirj(‘S 
to d(*,t ermine, statistic.s of Wh^ I fiternalional Trade In Concentrated Cattfe 
foods and Mu*. Interna, tional Trade in Fertilisers a,nd Chemical Products 
used in Agricnllure. It would lie useful in addition to have an enquiry 
made wit h 8p(‘cial retcuoncet-o articles not included in tliesr^. ])u])lications, 
so as to ohiain on as c.omprcdKuisive a scale as possible slatistic,al data 
for th(‘. piodindion of wasti* malerial and resiilues. 

(ku’tain ditliculti(^s wouhl undoiibtedly aiis(^in siudi an nmhu'taking, 
from th(‘ nalure of tln^, refuse, the more or less i‘a})ii’. wastage and deter- 
ioration after production, as wxdl as dittiiailties in collection and trans- 
X)ort, ])ut these need not lx*, considerod as irrcdiibitory for all waste 
irrodrnds. Those, rmhod, for which ix)sitiv(‘ data can neitlnu* be 
colleei/Cd nor* (hdermined, wxnild be set aside, but. for many others 
direct or* indii’ect statistics can be furnished, and th(‘ enquiry (‘.an 
do much to lay down the lim^s of such statislic.s. 

Though this (UKpiiry should relate to a considerable numixu* of 
jrroducts, it can b(‘ c(mduc>te.d with (Xrrnjra.iative (‘.as(‘, becuuse the 
wastic jrroducts and residue's aio oftc'u phuitiful on the markets and 
their statistical data w(‘ll known. In any case, it, is rrot luwssary to 
give statistics for all tin*, materials Ijoalt'd in this book. In the fir’st 
instance, all available information might be colhx‘.t('d for pul)li(‘.ation, 
the statistics being am])lifnMl in pro])ortion as n('W data arc obtained. 

Among the large nuinrxT of jrrcxlucts, (here are many for 
which dir’cct data could lu^ obtained ; but, in the case of others, 
this will not be. possible. The difhc.ulty could then be ovcuconu' 
by indired rc'.sc'.arch, Ural is, the figurr's could be obtained from the 
Xrercemtage of the waste ])roduct or rc'sidue in the (*nrresix) riding origi- 
nal ])i*oduct., for whic.h accurate data can be more easily obtaimMl. 

The data shoidd relate to usc's of residues as well as quantitii^.s, 
•and the statistics classified acc.ordingly. 

Ther-e are how(‘ver* waste ju’oducts and residues for which, ('.ven 
by such a nudhod, statistics would not be forthcoming, sinc/C there 
are jmxlucts for* Whic.h it would be iirqrossible^ to determine the 
total waste. 

In such cas(*s tire statistics of the finished products will serve, if 
not to give an t‘\act idea as to tlu' world or local jrroduction of a cer- 
tain residue, at h'ast to show' the degrex' of utilisation attained and 
th(^ quantity of the products obtained. 
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At present statistics ol residues are maile by t he International In- 
stitute of A^^ricultpre only in the following cases: the Milling of ecueals, 
Oil P^xtraction from Seeds and Oleaginous Phaiits, Sugar llelining, 
Hrewing and Distilling, Bones aipl Bone Fertilisers (Tradt‘), and 
Organic ^Mlrogcnous PVrtilisers (Trade). The last groii]) includes: 
a) residues of horns and hoofs tor itTlilistus ; h) various animal re- 
sidnes ; c) cake fertilisers ; d) soy cake. 

It seems therefore, ilesirabh* that this work should la^ exlende.d 
to in(‘ludc‘ data on tin* juoduction, ]uic(‘s and tiad(' of the more 
important and more easily determined VNasle prodm^ls and r(‘sidiu‘s, or 
products extrae.tiMl from them (oils, aleolud tde). 

The following are some of tin* suhjcels for which slalislii's might 
l)e drawn u}) : 

Ilmian Food. — yt‘as1s ; cofhM‘, tea and (‘ocf>a and spict‘ substi- 
tutes ; By-products and residues of dairi(*s ; Bdotul (‘t(‘. 

LicvHtock Feeds. — Straw', pods and husks oilier than ciuhmI ; 
Leaves, twigs and tendrils ; Marsh and fresh water plants ; Scaw(‘.(Mls ; 
A(;orns, l)(‘.eeh-mast, ami other forest -tree fruits; llors(‘- (du\stnnts; 
Lnsp(‘e.iih‘(l seeds; PVeula r(‘snlues. 

FerUbsers. — (Irajie residues: oln c husks; Tomato n^sidues ; 
Tanning refuse; Fa])ermakmg residues; Mill dust, and swet‘ping8; 
Potash from nirious industrial residues; L*(*sidu(^s I I’om gas woi'ks ; 
Soap-xvorks residu(‘s ; Cake* lert ilisius (s])eeilied) ; Slaughterhouse 
oflals ; Fish nH‘al ; ]M(*at/ meal ; P>ones and bon(‘, prodinds ; Animal 
glue and lard n*si(lues ; Dairy residues; Wool, hoisehair, silk and hair 
waste; L(‘ather waste; St.re-.et. sweejiings and urban n‘lus(^; Utilisa- 
tion of sewage waters, etc. 

J ndnsfrles. — Alcohol : from sawdust, from (adlulos(‘ ma.nufa.et lire, 
from fruits ('ontainmg starch, arums, and other liliaceae, et(*. ; eaiiain 
of tartar irom wine lees, (‘te. ; Oils from : maize, grape scimIs, tomato 
seeds, melon and ])umpkin simmIs, tcdiaceo seeds, fruit, kiuauds, lemon 
pips, beech mast, silkworm chrysaliiles, wool fat, fats from household 
refuse and sewage watiT, el<‘.. 

An attenijit has beim made, as far as jiossibh‘, to give somii 
exam[)l(*s of the way in w hich statistics relating to waste [iroducts and 
residues could lie prepared, while in re,sp<*ct to the materials of which 
the Jiiternat ional Yc^arbook of Agricultural Statistics gives the. t-otal 
j)rodu(‘tion, statistics hav(‘ been made in ac(‘ordanc(‘ with the jirinciples 
set forth above. 

Tln^, reader should understaml that the*. gen(‘Tal totals in the 
sialisti(‘s given in Part TI an‘ not c.omiilctidy available in all casi^s for 
the simple reason that, waste products can neitluM’ Inw all collected nor 
used in all parts of the world. It is merely •desired to giv(‘ an 
estimate in order to show the imiiortancc of W'ast(» produces and 
the advantage to farmers of utilising them, at least in part, in the 
best possible way. 
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COLLECTION, PRESERVA'I’ION, rREATMENL, PROP- 
ER'riES AND USES OK WASTE MATERIAI. FOR HUMAN 
FOOD AND FEED FOR LIVE STOCK, AS FERTILISER AND 
IN CERTAIN INDUSTRIES. 




Iji l’;irl II 1lu' cliicl coiisidciulioiis in I'liji'.iid hi ||i(> 

viU'ioiis \\a,s1(‘ niiilfriitls are. set iiul \mi1i siiecial nderfiiei' lo llieir 
ojiiiiloyiiieiil, as lood or I'ecdiiij: sl.iill. as lei liliscis, or in industrial 
prodiielioii. 

If- should lie added Unit lor I In* sahe ol' hre\il \ nienlion has heen 
made m each ease ol the main eharaelerislies oiil\. I he met hod or 
iiudhods ol (l(‘alin,n willi, handliiit; or preseia in^ lln* [larlieiilar residue, 
and its [irineijial uses. 

In a lai'}:e measure I he snhslaiiees under diseiissioti lia\e heen 
iamiliar and in j>eneral use lor a lon^ei oi' shorter time as the easi' may 
be ; but lire aim lie.ri' has b(‘eu to deseribe Ihe uses lo whieh they ha\e 
b(‘en |ili1 moie espeeially (liiniKj ihc irm (uitl dlhr and to i;i\ea clear 
aei'omil ol the le(diuieal |iroe(‘sses rendered, desirable and e\en esseii- 
lial duriiii; llu'se sis \ears by tlie seiions shorlm;e of raw materials 
lUid ol inatiulaeliired jirodiuds. 

iSonu' |iroe.ess(>s are im\e.l. ol-her^, aliead> well known, found 
fresh a|))ilieat.ioiis and were often eonsulerably ini|Uo\ed. TIu' reader 
will ]irobably find some siibjeels ol more inleri'sl than others, and 
will decide t-o eoneeiil rale Ins atteiilioii on llu'si*. 

11 fliis sindy siieeee.ds in jirovidini: a sumniary ol delinile iiifor- 
ma-lion as lo llu' ulilisalion ol wash' mali'iial. in sjieeial relerenee 
to farnmifi' and farnu'i's, w(‘ shall have Ihe salisfaelioii ol luniiijr pro- 
drieed a work of a ei'iiain u.'-eluhie.ss 


I. - HUMAN FOOD. 

1. — Bread. 

1ti eomiti'ies that, do not ;;iow enoiijih wheal lor doniestie 
cojisunqilioii, tlie problem of he luead supply has always been 
serious, bnl duriiisj the war it- leeame of erneial iniportaiiee. The 
legislative and liiiancial measures adopted at lhal lime by the wheat- 
importing Slates are a matter ol eomnion knowle.'lge : their aim was 
to prevent the seareity of bread jeopardising as it- did in ancient times 
the social fabric itself, the maintenance, ol whieh the nations engaged 
regarded as al).solntely vital, and strained every nerve lo I'nsiire. 

Faramonnt as ifie question of the bri'ad supply thus bi'came arnoug 
the economic jiroblems ol certain Slates, it was natural 'hal rescafch 



58 


PART //. 


.slionld b(‘ und<‘rt;da‘n mtkI a])])li('iJl ion niacb* ol' now incdliods. 

TIkm o. was also a i (*vival (d' lornior mot hods ujidor ]V (^ssur(‘ ol' llio t‘ver 
jnoa’tNisin^- ihmmIs and tJu‘ livowin^’ dillioadty in ])i’oduoin^ homo ^rown 
wlioal and (dlioi* (an'oals, and slid moi(‘ in import ini>: il iTom aln’oad. 

P.r(‘ad snl)st i1 n1 os, in vc^st i^jil icms and iiials of o\j)odion1s for ro- 
plao-in^* in any way the* shoila^i^ id' hnMdsI nils, wor(* ohiidiy d(‘\(‘lopod 
in tlM‘ l)lo(ika<l(Ml ('(Mdral KmpiT‘<‘s ; hnl similar nndliods vv(‘r(‘ adoi)1od 
onisido llioir limils, partioulaiiy afhn* llio snhmarin(‘ warlaic^ ooc'asiotu^d 
I In* loss (d‘ many lai‘i;'<‘ ('ar^o(‘s (d o.noals ])onnd Tor Eiiroiu*, making 
fh(‘ vvfn‘al shorlai't* in(‘j'oasiii^l\ aonlo and dan^orons. 

W’ilh I In* (*\o(*plion ol (*onsidoi‘ahlo qiian1i1i(*s ol pulse*, Iho ma- 
t(*i‘ials iis(‘il as l)i‘e‘ad slnlls W(*i‘(‘ ohn*ll\ <‘dln*r wash* prodin*ls (d vaiious 
indnsirios, or llio prodina* (d‘ (ho <'nlti\a1(*d or imoull i val ♦*(! land. 

In tins ohaplor, a Inic*!' hnl o.ompie‘honsive‘ i(*\ low will ht* i»ivon 
ol' tin* priin'ipal wash* inalorials 4‘m])loye*il, thonu'li lln*ir nse* is Tor 
tin* mosi j)arl disoonl iniiod, now llial tin* iisnal (*onrso ed' trade* is 
ie^e*st ahlislie‘d and unhinde‘re*el. ddn* leille»\vini^ slate*nH*n1 1 he*n is U) 
he* e‘emside*re*d as ol e liieMly hist enieal nde‘ie‘sl. 

(hn* eiT llie* suhsi a iie' 0 ,v mnsl snil.ihl\ ael<le*d lo hiead, heMh Ix'e'anse* 
i1 is erne* of ils nalnral e'oiist il iie*id s ami he-e-anso il d ‘‘re*ase‘S its noui 
ishinii epialil ) uillnud alt(‘iini^ its e*sse‘nlial e'harai'l e*risl ie‘s, is jit'asL 

Tlie‘re‘ jue* Naiienis kinds eil ye*asl, Init the* inosl iniporlant are* tln^so 
that has** I he* prope*rl> ed' e*ansini; h\ehedysis (d slaredi. \\’ln*n sjio- 
oially |)re*iiare‘d lor hiod piir[»e)se*s, \(*ast drie*s and is e*asily made* in1e> 
Hour 

In (ii:KM\N\ se‘\e‘ral kinels ed \ ((hrhth'H (I'ood ye'ast ) \\e‘re* plae‘-(‘d 
on the* inarke*!, and the* e'liie*!’ e'emsumpl ion ed w*asj eliiriim I he* war 
was aleinu those* line‘S. Wy addiim 2.5 ol ye*asl tei llenir, a '' K-hre*ad 
IS pre*part*<l whioh is (*spe*e*ially rie-h in alh-.iminoids, and eiT ai 4 re*e‘ahh* 
taste* and siin*ll md like* tlmse* ed’ ye*ast ilse*!!. In '' K lM‘e*ael tin* 
preitoin e'onte*nt |■e*ae‘ln*^l 10.51 'd, e‘stimale‘d em dry matte*!', e‘\'(*n w he‘n 
20 'd, eif iireniml pedalo tlake‘s hael he‘e*n adeh'd lo the* llenir (L). 

E. J Ai.oViyrz (2) i»re*])are*vl with 02 ‘d) <d llenir and S ‘d) 
N<(h}'hi‘fr, a hre*ad rie-li in ))rede*in ami with a taste* ami sme*ll iml re*oall- 
in*:' tlmse* eif ye*ast. The- (d»je‘e*tiem 1e» the* use* ed' this yoast he)we*vor is 
that it hriiiiis ahenit a se‘r\ lar^e* se'e-re*! nni in the* eiriianism ed nrie^ 
aeael : in tae l. 10 aan. ed' Suhrhcjc se*t up as niin‘h se‘ore‘tion ed nrie* 
aoiel as 100 ijm. eil' me'al, so that the* Xtfhrlu’fr hre*ad was iinsiiitahlr 
lor uendy siihje*e*ts. 

Tei pi'ojiare* N hroad ' a paste* eil rye* llenir is lirsi maele* ami lln*ai 
elry ye‘ast is mi\e*d A\ilh it, kin*adin.ii it (ill a seil't eleni;:h is e)hlaiin*d 
whie*h is e*nt intei shapos. 

This lne*ad e-e>Mtanu‘«\ 12.0 ‘d. wate*v, -anel ^15. 1 'd. ol' protoins 
ostimatod ou dtv matte*!'. 

lb) e'f nns'^^^,v^'^ .iii'i \l r.ii V-rnni. imm KimIi l>n>( -N mIu Kiw picIk'^ Oioi. 

in Ihut'^i'lu l'^'^s(^|}ln{lls|rl( , \ol \1X, on 

•(■J) e'f Zf/tsihnlt jiu 1 Htt n^tii fniiK] tin Sahnnn}'.- nu'l (h ihu.'-'s/nitti L :*‘1, OUT 
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The nutritive value oi" tlu* Vvar bread could la* c.oiisiderahly 
increased by aildii*^- certain lesidiies, Nindi as sUminietl inilk, I'ascan, blood 
etc. (1). Itread making exi>eriinonls ]iro\ed thal a si)oii^y and pal 
a, table bj'ead was obtained by addiiiu to 1 la* dour up 1o 10 of simar 
and 2i) % ol‘ drual skinmied iiulk or casein. 

A br(‘ad that- was said to be liiilil and maul wa.s prepare I wilh .^>0 
parts of raw ]>o(a1oi‘s grated, 50 parts ol (' 0 (dv(*d pidabas, 50 parts 
of »rat(‘.d caiT(d, 5 ‘V, ol su^ar and a little .salt, kneadina tln^ whole 
with skim milk and yeast. l<Utin^ it ris<‘ lor 0 hours at a ((unpiua- 
l\ir(Md’ 50^> (\ then mixing in 10 paits (d dri(‘d skim milk and as mueli 
Hour wutli a hii^li extract ion (Knuj^nicfil war Hour) as was needtal 
to mak(‘ a sullicimitly hard paste, i e. about 70 parts. 

As has b(‘(m said hhuf^l (serum) was also adile.'l lo Irieail with a 
viiWN to enliaiicini; its nut rit iv e \alue. amlat llu' ,sam(‘ lime iililisiiu:. 
tin* owii'en si-t lre(‘ b> the aeialed waltu' added lo make llie biead 
h trolley (L*). 'The, blood is kept in a I'el ni:‘era I oi lor LM to.ltJ hour,s. 
tlum the serum is s<‘paiatet! ftom tin* coai:ulumb;s d(‘ean( iim or lilt ei in^ 
and is us(*:l alone. 

The s-'ltiim Tree ol tin* o\yu<‘n whitens I lie lueail ainl I'hci'ks lln* 
action of thosi* micro m^amsms, :dw.*iys pri'Si'iil in Hours, w hieh m 
terlcri* with salislactory brea<!-niakinL!. 

Wilh a Slew to inereasinu the (pnintilv (d biealslufl lloui, re 
conrs(‘ was had to (/r(nniA ^Icrof I icfflt fl ^ein‘rall\ used loi 

feral imz stork. 

(\ A. r'.nns (dj prr'diets a ^rr‘al fninrr* lor this mound eakr* as 
human fornl. From 1011 onwards this r-akr* was dealt with b>' a 
nnmbr*!' oT r‘(‘rr*al mills and a liin* nn*<il was iiround Irom il, r-onlainmu 
a mur*h less (pianlity <d r'liidr* (*<*llulos(‘ lhan that loiind m tin* 
dr‘r‘or1ir‘/at ed rvakr* itsr*ll. 

ddiis meal r'onlains lwir*r* as niur*h pirdein as dor‘s meal, bill it 
is a \’eu’tdab)e iu(dr*in which ar'r'ordinu to a numb(‘r of physiologist s 
is not tin* r‘(pii\ah'nt ol an animal piMdran. 

As this doin' i*^ dilhraiH lo knr*ad. wheat lloui is imxr'd with il. 
rsspr*rdally roi‘ bn‘ad and cakr* makinu. 

The author (pio1r*d abo\e has t rir*d this doin' on himsell lor sonn* 
lrui<j;th of tinn* without ex pr‘i n‘nr*injj. an\ dl r‘irr*r‘ls. It ap]K‘ars to br* 
thoroughly diu:esl iblr* : its nutr‘i1i\e. valin*. (‘\])rehst*d in r'aloj‘U*s, is 
hitijlnu' tliaTi thal ol nir‘at, wliih* tin* prit*r* is \'r*ry Iowa 

With thr* pi'or’css of brr'admakini’. ad\oc.atr*d by W. Osrw Md) 
and A. IvTi-una. (1) tin* ((urxstjon <d‘ sulisl it iit r*s is np(*m‘tl : ar'i'ordiii;^ 
to tinssr* ant hois, it is jiossilih*, oi' at leasi it was possibir* during (hr* 
wat’, to r‘r*plar*e within r-ru'lain limits for* I hr* puiprrsr* ol brr‘a!imakinu 
tin* ^luli*n rd' r‘(*rr*al llonr by stai’eli pastr*. l>y nsma' a paslr* ol prdalo 

(1) Ci' H Kulii.. Kn.>K-<l)r(»l, 111 Z< fttr nflt nf/n h, ('Inmi,. \r,| Jl, IlM.. 

(:.’) r’f li Drtosiki', Ki.iUlv I>ii.-Im . iij ('h> niiki r thiKff, \ol .'!!•, I ‘O ."i 

(•1) rd tJdUrlUll ’>f ''f 7 /(tl (Ifxl I'jH'/tlli > f tH<f f 'In )/, Vul It I '.n 1 • 

(4) (a ^V r)sivv\Li> JUid A inein.L, fU:( u*id<‘inf (..iMck, in f 'In mil, < r Zrih4}iii , 

vol :{.1. 11)15. 
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Htarcli and clnniiical yeast (1) they succeeded in obtaining a satislaetory 
potato Hour bread : and tin^ad was also made wit h ^nixlures of potato 
dour and tapio<'a. 

l)e(ad(*dly good l esidts ere obtained Irom an exj>eriinent in making 
bread with ]K)1at(» flour and (a>mpn‘ssed yeast, reduced to an acid paste. 

During flu* \Nar tin* Tact was i(‘ealh‘d in Oeiinany tliat the Kussian 
])easanls, (‘spt'cially in bad seasons make use td a plant calle l Kra- 
snaja Irava" (red ])lanl) lor making briMdstutl flour. This y)lant 
ac(au<lmg to inrorniation given by Nikolaj lirscui, Ktrper of the 
Ibdro^’rad Ibhanieal (lardiui, ajiyiears lo bv Amaranth ns piinivvlatHs\A. 
or Atriplcx nmra. (U). A \arie(y of tlie [ojiiiei* witfi white scimIs, called 
/ai^o/rsi, is grown in ISorlli Imlia, umUu* the nanu^ of U anal amp ala,, 
))ul It s(M‘ms Ibal this is not the liinuean species, but iha Amaranthus, 
paniratatus o) IJooKmt (‘orresiionding to th4‘ A)naranflivs h\fpoGhon-\ 
(tria(‘us ol IjINNMU’s, ami to lh(‘ A. rrifllinh^lafhj/,^ of d'liKLUTNO. 

Shortly afl(‘r the la^ginning ol tlu‘ war it was r(‘p()rted Irom (ier- 
many that a }n-oc(‘Ss had be(m invauittal for making a nourishing flour 
or nuaii out ol' w lH*at ami oat straw. A gn^at diad was said about 
it at th(‘ tilm^ l)ut I h(‘ (|iu‘stion was put, asi(U\ and sliaw nunained 
straw', good id lavst as ii IimmI l)ut md as a bnaid stiiJT (sea* p. 

W'Ik'Ii the utilisidion (d' w'asl4‘ mat (‘rial 5is liA(‘Stock f(‘(‘d is coii- 
si(lej(‘d, th(‘ dil'feriml proc(‘ss(‘s, (*sp(‘cially as (‘inployial in (bu'many, 
lor making str:iw more* ajiiadising and dig(‘Stibl(‘ will b(‘ d(‘scnbed 
(sci‘ j). 9-). JI(M‘(‘ c-(‘r1am ;d tiunpts to us(‘ straw feu’ Imiiiiin food ;vre 

na*ord(‘d, att(*mpts of which toda> (‘V(*n in (ba'inany nothing r(‘nuuns 
b(‘yoml t h(‘ m(‘mory, 


Oat straw m(‘al wais us(mI to mak(‘ Inc 

iid. Tlic pcn'i'iit 

iig(‘ c,omj>o 

sit ion of the straw and lh(‘ bread are luu’c* 

jlivcii (:?). 



Old sir.iw 

Hoar 

blr.iil in, air 
from thi.s 

Hour 

AV'jitcr 

<1 (.1 

:J4 .Ati 

Vlbuimnoal' 

2 do 

♦ . ()7 

Fata . . . 

2 oS 

llMCO 

( 'ai boliydni. o.s and i ollidoso 

7() .‘iS 

A? <7 2 

\4i 

)(• 2S 

1 .So 

SiHf a 

1 »)'i 



Th(U(‘ is thus no :ol\anl ag(‘ in an admixture (d oat straw Hour 
Avith (‘(‘r(‘al Hour, :is tin* bread is mucli interior. 


(n ( rt'Miii of Oirinr -|- Un urUo^ r>f soda, or tailaiic >u‘id 4 ))j rboi of Hoda, or 

(‘ni'l)onulo of aininoniM 

(2) (’f Z( itschi }ft fur nti r.',uchiin(f drr A'a/jn/ar/.f ?/?«/ Hi Hunsn^ittt J, vol 211, IDlo — Aii 
invosnj/nt loii into tlu> qoo-^lion sorriis to to heiiiL Amaraiithus pan'icuintun. Cf. 

Holnain lAi-’tkfnpi ih }<i Husslago i<i J,skoyn Kiofiiajslra, vol IX. ]) 87 Dovnon, St . J’otora- 
bnrj:. In (Jroecr, tbi> tiowor-bnds of itnjdi r ro.sto are eaten as capora 

(li^ ('f CiOHKH!, Aumix, Hatorst roliinehl, in BirUhi tUr ChumiKhm UntcrmichanysanstaU^ 
No 112 I.LMpzif^, ml.") Snniriiaiis)‘d in Zcituchrifi fUr Uvtf rsiichuny dcr Nahrungn- und 
I, v(i\. o.‘t nil7 
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The author of llie foreiioino’ analyses, A. Kotiuk; (1), says lhal hi 
Germany Hour loy (louring* bread was soimdimes made riom \mhu]. 
Straw, or husk ; carbonate, of liim*, (dialk, talc and oIIkm- mineral sub 
stances were also used, owin^ to (he ])rohil)it ion (d th(‘ use ol' ('(‘real 
flour for tln‘ |mr]U)se. A (U‘eie(‘ (d l.'l dinu‘ IblT allowiMl tlour ol 
vefjelabJe Kory to lie used (2). 

Besides the niatcuia.ls nienlioned, himrhonaic oj atiunohla vsa^ 
eiriployesd in (bumany (2) as a subslilulc^ lor fats in bri'admakinu, 
that is to r((plaee tin* i'at us(hI heron* (In* war to snu'ar (In* loaves m 
ord(U’ to ])r(‘vent. sliekin*;' lo the oven, ddiis proci'ss, diceov cmcmI by 
a Minden bak(‘r, e.onsistcMl in niakinir a iiasli* wdh potato tlour to 
which was addcMl a litth* bic.arboii.ite ol ammonia solution. This was 
brushed o\(‘V tlu^ sidi‘S and under i>ar1 ol’ tin* loavi's to pn'vamt 
adhering. 


2. — Wheat Germs (1). 

In t h(‘ manuliU't nn* ol Hour loi- \ (*r\ vvhili' ln'(‘ad ai'cordin;^’ to 
Tnod(‘rn syst(*ms ol millinj^' whc*al, tin* i 4 (‘rms or (unbiyos art* I'emoved. 
These ari* lli(‘n s(*parat(dy tn'ated, <‘ith(‘r for matiim a spi'cial tlour 
of hij^h nut ritiv (‘ \ able, ()]■ for I h(M‘xlra(‘tion oi haalhin, usial m imalicim* 
as a tonic. 

This ^‘e]‘ni Hour (‘ontains : Jiil roaenoiis sn)»slane(*s 10 (o bO - 
fats 9 to 10 — starch ;;o — e(*llulos(‘ b to 10 — niimual 

subslaai<‘.i‘s 1 to 5 

The proportion <d h'cithin is 20*’;, including': phytim*, nucli'in. 
nucleoalbumin, and pliosidio-oruanic salts. 


3. — Yeast. 

.Vmon^j; the malenals e-omposinii' 1 h(‘ iood rations in (liaiuanv 
there was a s]M‘ciaI y(‘ast, known as Xalnlirjt (nutiitivi* yi'astjCb). 

Opinion varical very mueh about this yeasl : owinjj, to its hiji’h 
cost its ns(* is ral hei as a c-ondinnml than as a iood (0). 

Following thi‘ examination made by lJ(‘rr Seno I'l'inai s (7), 

lh(* nutritive y(‘asf prc'iiared by tin* Berlin Aftslftll iiir (rarfnujs-yc 

(1) .A Hchiukj, Suviiiiiflil \t\ Jit frht tit r (’hrm/i'^rhi ti ( lift I '^nrhntitf\tni^ttilf, n’oI iCi J,cij» 
/Lfj, nM:i SiiiDiUMi isrd in Zc/tHtfuifl Jui (' ntrrsurhu ntf tf, r Xtilirinnf-'- nut! f it im^'tin iftt ! 
vol :i:i, 1017 

(2) STAiiTjf \()/:n H, Ittifjdtft .u) Ki H t/*{W/ rf'>rh fit I''.i'sh{,/I('Ih*i1'TiiiI Ifl 'ii <lni' Krn'u-s- 
WirtscliHfi , purls nll-oS nci’lin, I0l!l 

(.1) W .Vn riT7’'i;..i)T. m Ztifst hrift lur I ' lift i 'tUt hunt/ tit i \ tihi u in/'t- unt! (Jt nusstnitlt 1 , 
vol ;il, JOJli , 

(r) (!f J* n \/oi!s, i.t ,s iJt"hif'> (t st)iis-}>i<itlnit't tutliiftfut l,-^ I lun-xl, lOJl 

(o) (*f Dr n Krtm;kk .lud Dr (J li>itrti(/i ~u r K n < t/‘<u i rf <« hi ft , I’.iM 11, Dn^ 

i\iaKsonspnisiiiiLj('n nprlni, 1017, ]> 22 

((D (;E a noHRTfi, lituthtf tit r t hrtni'irhi 11 U nit t ',urhu nt/t u tin Cht w nft rsm hum/.'^ 
anji/alt. Cmp/.i;:, 101,7 • » 

(7) LJrutschr m, fUzinittcht Wtirin iinrhi t ft , N*) H, I 0 ] .'• fini 1 /i/ ? // I nfirsuthun'/ 

dor Ndhnivij't- untl fh nu^'tuufttl, A'nl -lO, -N«> 1 Dl l.» \u!/ii"'l l01^ • 
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werhr in a ])ow(ler of a lijxlil brown colour, rcsci]iblinf» seuioliiui, of neu- 
tral, KcaTcely noticeable, taste and with the smell of^biirnt. sugar. It is 
not solubl(‘ eithe7‘ in hot or in cold water. When examined under the 
ini(Tose-o])(‘ it pi(»v(‘s to he foriruMl of oval e.(‘lls of yeast. 

Ae.eordiiig to the analysis made at the above named Institute 
iti contains ; aUiunnn 54 % — % — non-nit rogenous extracts 

28 % — wat(U‘ 8 % — ash 7 %. As r(‘gards nutritive value, 1 kg. 
is equivalent to ‘A kg. ol semi-fatt(‘d l)e(*f. Foods containing 
hav(‘ no Mn])h‘asant tasU* and no ill effects. 

1 kg. of Nahrlivjc giv(‘s 4520 calories; in 4015 it cost 2.5 marl\S. 

No in\ e.st igalion of the written ac-counts makes il quite clear 
what is (‘xacll.v tlM‘ nature* cd this yc^ast. The ('oncliision to lx* drawn 
IS that, it has Ixmu) rnt (uit ionall> kept a sec, red, and particulars of. 
its ])osi war manufaclurt* and usi* for- 1 an foo( also not to Ix" 
obt aiiuMl. 


4. — Ground decorticated cotton cake (1). 

This i‘esi(lii(‘ ol I lx* (“\t ract ion of oil from (*otton S(*(*(l, already 
mentioned, has lxM*n d(‘Scritx‘d as a whoh'soim* lood. , icher in prrdrdn 
than meat, and suitable as U; im^at suhstil iit i* in small (pianlities : 
om* oun(‘<* cd' this (*ak(‘ r(‘})laces 2 oun(*,(‘s (d‘ meat, whih* the daily ration 
(d' an adult should not (‘xc<M‘d 2 to A oun(‘,es. 11 may b(*. iis(mI for 
making lu'ead, biscuits etc like* wlx‘at tloiii*, with which it may Ix*- 
mix(Ml in tlx* i>ropoi-iion (d' oix* |)ait to four- parts of wlx‘at dour. 

This ground cake is md acce|da.ble to 4*v(‘]w one: some* like it and 
sonx* do rx)t . If made* from serxls (d‘ inler ioi- qiurlity it may Ire harmful. 
It eoritaius : prol(‘iii 45.1 ‘h) — **‘1 ' — rion-nitr-ogeuous c\- 

tr'aeis 22.5 — eellulosr* 5.4 — watr*? — ash ddx^ 

avtu'age eoedieieuls ol dig(‘st ibilit.\ are protein SS. I fa.tiS 

95.5 — N. fr(*(* extiaets (»().(» 

.A(‘Cording to tlx* (‘xperimenis made by d. Ik\ niKR (2) the protein 
of gr'onrxl dc‘eor*lieated (*<dt<m cake was dig(*st(‘d by I he human organ- 
ism ru tlx* r-atio of TS.ti as against hti.ti lor m(*at. The pr-o- 
teiri of this eaki* has thus a eoi‘niei(‘n1 of dig(‘st ibilit y e([ual to that of 
juilse lloiiT’, and uirx‘-t ent hs of that of (‘cueal dour-, and (ught -tenths 
of that ol meat. 

During the war. gi-ouixl e(dt(iu eakr* was employetl to a limit(*d 
(^xt(‘nt for human focxl, Imt owing to the fact that it is not (piitr* haiin- 
hxss except in small (piaidities, it seeirivS unlikely that thei-(^ A^ill be any 
eontinnanec* of its nsr* at the ]uesen1 time, and this rneidion of it is 
eiiongh to put the facts on i’(‘eord. 

Its iis(* for liv<* stock feeding is, on the ot h(*i^‘ hand, iixue iin- 
jxu'tant. 

( I 4 rf (* S I’h ( \)( I oMscoil Mcjil U'j lliiiiiiiii in \(fnntl.tnrtif h.' \ penment 

SlatiOH, HulhtiH No Aiishii, l‘Uo 

f-) ( 'f Jf>uni)il (if (id {udin'dn ('funnraf SiK'irtip \ol ll(i, I HI 7. 
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5. — Straw meals. 

.VI I ailing of llic nows micluMl tin*, i-ouiiliies 

throu^J’li the auMliuni oJ siiiuliy i)(‘rio(lu‘als, thiil a pnKa*ss had bocai 
invenled in Gmaaiiy for tlio inaiialachm* lioiii si raw, hay and (dJier 
parts of plants, of a nif'al snitabJ(‘ not only as a lo(*d loj- liNc stock 
but also as Iminau food (1). Iti spit4‘ of llu* impojtaiU'c ol' the sii]ij(‘ct., 
the statement <lid not carry coiuiction. and so ^rcal as t Ik* incia^iliil- 
ity expressed that the matter was ilismiss(Ml and mdhin^' more* was 
heard of the disc.ov(‘ry tliat hniKJ)KN'ni \l claimed (o haM* made. 

It s(*ems d<*sii‘able laa'e to rel’e!* lundly lo this process, basm;^ wliat 
Tollows on the expen iiiu^ntal r(‘snlls oblam(‘d in (lermany b(*Liinnini»‘ 
from tlu* date wlum the inxention was lirsl nunh* p\ibli('. 

Kerp, F S(’iir()EJ)EI{ and Ih Pevi. (12) statrd in tin* lirst 
instaiKM* that Fri i^deintiiai/s expeaunents had md bc(‘n sxshanat- 
ically (‘allied oul, nor v(‘rilie<l by 1 la* prop(‘r sci(aitiii(‘ t(‘sts. TlK*y 
lo(d^ oal, ry(‘, wdn'at and barl(‘y straw, chojiped in \arvin^ <l(‘i»:r(*(‘,s, 
Irom (‘lilting; wilh a chalT-cnt t ei , lo ^'iindin^ m a mill. 

Tin* straws sehadt'd do md diller < 4 n*atl\ as regards soluble siib- 
stian(‘(*s, tluar arran.i:(‘m(Mit on an asciaidiim scab* btaim as lollows : 
w'h(‘al, rye, barley .uid oats. Thesi* snbslaneis an* S(dnble in watiM’, 
dilut(‘ liydrochlorie ac-nl, a dibit(* solution (d' (‘ai bonal <* ol' ammonia, 
or Jiialt (‘xlract, to pradically Ihe same de;Lir(*e wludlu*! Ilu* straw lias 
b(‘pn milhal oj' only chopiMMl, and (‘ontrary to Ihe opinion o! Fiiiraii-iTV-' 
'rilAJ. the s(.dubilit\ is md afl(‘ctotl l»y the bieakinu (d' llu* e(‘ll walls. 
In any ('as(* tin* (piantity <d‘ soluble siibst ane,(‘s is a1 mosi tiai ))(‘r c(‘nli 
ol’ 11 k* sliaw and at l(‘ast om* third (d tla'in are miiK‘ial snbslanc(‘s. 
ljarn(*j‘ quantiti(‘S (d subslanei's are diss(d\(‘d by tlx* aclion (d extract, 
(d' malt, which makes the 1 (‘nip(*i at nri* rise !<» OO*’ (\ than by tlx* olh(*r 
soha*7ds 

Since* tlx* cer(‘al straws <!(► md contain ('ai bohydrat es eapabh^ 
ol t ransrormation into su,i:ar under I lx* action ol’ diastasi* and in ])ar- 
ti(‘ular do not coidain starch, these snbs1anc(‘s canm)l possibly lx* 
t(uind in straw nx‘als. 

N it r‘oo'(*nons snbstanc(‘S solnbh* in watei and MibstaiX'es that may 
lx* extracted Ijy (*t hei' are pi'(‘senl in \(‘ry small (piantitu'S, and (‘onsisti 
r(*,spe('ti\'ely ol albumen and tats only. 'I'lx* jiroportion (d‘ tlx* nilro- 
^'(*nous substan(‘(*s does not (‘xc(‘(*il oix* ix‘r ci*nt . ''rix^se conijxux'ids 
are* 11x*ief()re ol no r(*al iinjxirtance Tor tlx* nulrili\e valix* ol‘ tlx* straw 
and would not in any case* pay Ihe cost ol* milling. 

Eve*n ruminants only di,ire‘}^t a part ol tlx* crude* ce‘llulose* which 
re])re‘sents one third or one* half of the* straw, and as milling' (lex‘K not 

(1) C'l FiifKDEV'i n AJ^, Dkj* !\ .Uii \\ ot hirpchlu'.ssijii^ ’ii Jl iinil Siroh tiiul PfliiM/zenOM Umh 

tiller Art lU’ielieiiltat'li'i'flu P>iif’lih«inlliiii{^ 1'U> 

(2) \V Keup K , U Pi'Vj., (’lieiiii'-eln* IiMik-s itiltct) /.hi Xeiirt fulurif^ ties 

St«r(ilimelils til'.i Kill lor- until Niilir^nuf^iiiii tel, m Irhiitin </ Ku I'o r! f!r,sutulhf‘itn- 
(imtt , liUft, vnl. .jO, pp Sniiuntiiisod m '/n ilftrl rtit hir rlir SuUrun{^ti- 

UTifl April PJln 
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modify tli(‘ idiysic-al and chcmi(*.al i)rox)ortie8 of the cimle cellulose, 
it cannot in(T(*asc ils dif;^(‘>stil)ility. 

The i)ro|K)rUoii (»f non-nitj'oj^enons extracts from these straws 
\'ari<^s belwecn IM) and 40 %, of wliic.h half arc insoluble or undigested 
I)ent(Ksans : therc^ aie alsu absent all th(‘. carbohydrates that could 
be transformed inlo sugar by the malt exlracls. The remainder con- 
sisls oT : organic, acids and their salts — coloiuing matters — bitter 
Bubstanci‘.s — substances not determined — all of wliicti may be 
consider(‘d as having a negligible foo<l value in no way comparable to 
that of sugar or slarch. Hy use of the solvents already mentioned 
the folio^^ing (juantiti(‘.s ol tht‘ difbuent comjjonents have been extract- 
ed : nitrogemous substances one % — sugar one % — organic acids 
and tluMT salts oni* % — mineral acids 3.5 % — substanc 4 ‘S not 
fully (hd.(‘riiiined (rohuiring matters, bit tens, tannins) 3.5 %. It is 
clear from this that eveji the non nitrogenous extracts of the*, straw 
an‘. valiudesB as food for non- ruminants and man, so that stra^\, 
even wlum reduced to a meal, is usedess as human focal. 

KjX])eriin<‘nts witti jugs mad(‘ by Zumtz have* shown that straw 
mc^al is only so juuc.li undigested bulk for heun, For human tecMling 
it must be absolutedy iuIcmI out (1). 

6. — Wild plants used for human food. 

Man lias always uscnl a number of wild jdantvS for food, gathering 
them wh(‘n the jiart oi’ [larts utilised for food are at the most suitable^ 
stage for tlie pur])os(‘. 

Among tb(‘ rural jiojndation ol (‘ertaiii rc^gions wild plants form 
or might form an imjiortant soiirec* of food and (‘ven in sonu^. eentr(‘S 
of j) 0 ])ulation, as for example in Italy from Itonn* soiitlnvards, there* 
is a large* e.onsumjilion of certain kiiuts of wild plants a's vege*tables 
at all time*s of llie ye*ar. Tliis is nnforl unate‘ly not the case in the 
majority (d‘ tlie centies of pojuilation in tin* (lille,r(*,nt countries. 

During the war the* more or less jiressing need foi- food stuffs nat- 
urally stimulated the se*arch for wild ve^sget, aides so tlial in addition 
to the* kinds usually eaten jdants w'hieli in normal times weuv. 
com])let(*ly ignore*d were* used as food. 

A dedaih*d reH*it:il of what has hayiiieneel in Russia during the^ 
reeemt famine* would be* out of jihiee heuv : it is enough to memlJon 
that- wild jilaiits and e\e*n we*.(‘<ls have* foianed the* only menins of sub- 
sist emce* for thousands of peasants ami othen* eountry dwedtcTS. 

It is thus worth while to r(*produce l>e*loAY some lists ol wdlel 
plants ivc.ommeiuled as food during the war, many of which before 
that- time were not so iiseel or only to a small extent. 

Tt should be* noted that, the sp(*cies mentiojed represent only 
a ve*ry small nunibe*r of all those of which some* part is edible. For 

(I' 'riiL* Hour of \ MMui's sfrau.K was sf)hl iii eai*riiiiin,v uikUm’ dt^lorfut nainus . FuMormelil 
auH I’llHii/riifu* itu mold, FiiMonnolil fur duimvioli iind SL'hweme, Erhsen- 

filroi'iinold, ^^'t•J/.ollnloldklol(^ olo 
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full inloriiijilioii on tho subjpc't, tho ant horituliv'e worli^ by SttrtI'IVANT, 
edited by U. P. Hedrick, may be consiiHed : Sturin'anfs Notes on 
Edible Flants. Albany, J. B. Lyon C<»., 1919, 1 Vol., (inarto, j). (38b. 

In tbe jueface to this book, dated June 1 1919. W. H. Jorpam, 
Director of the Board of ConDol of 1 Ih‘ N(‘\v York Agricultural Lxpei' 
inient Station says: It is especially ap|)ro])riat(‘ that such a volume 
vshould be issued at this time. Food juoblems ar(‘ becoiuiiuj:' more 
and more acut(" as the thunand Tor bMul inc-reasiii^ly ovcu shadovv 
the supply. Primitive tM‘oj)les dc^iuaided iipoji food resources that 
are noAv ne;jih‘cted. Other sourcass o) possible human nulrilioii lane 
doubtless remaiiH^d untou(*lu‘.d ..." 

For tropical plants, th(‘ ]‘(‘ad4‘r should consult I lu* work oi A. 
('IIKA'ALIEU : Lis ^'r{J(‘ta^ue uhh's de rAfriqm IrnffinUr fmocaisi . Paris, 
( Uiallamel. 

LIm‘ bdlovMu;^ list, relalinc. specially t(» ( huiiiaiiy , lias Imm-ji lakt'ii 
IroiM the* work of Jj. Dikls, entithMl Ersol-stofje nvs dno Ujtunzvun ivhi , 
Stultnarl, Fjwiu Niiacli, J9ls. As a jule, with certain evcejdions, 
the Latin nam(*s ai'(‘ ji;iv(‘n onl) (d‘ wild plants or ]»lan(s bul litth* cul- 
tivated, omitting thos(‘ usually cultivated toi‘ human Food or 1‘ced 
loT' live slock or lor providinji' raw mat (‘rials. (Vrtam wild plants 
are also omitt(*d whicli Ihouuh moic or l(*ss utilisabh* W(*re (d little 
iiupor1anc(‘ even durin^ii th(‘ wai. 

1 l‘LA\'l.s or WiniH THE LlAVrs, SU-M.S i‘lo]\Llls Uil 
7ajo7s, lA'Jiicji.s /rn . ra v ///■; r.shit as } /i;eja/h/':s r,iriii:ii /mii o/; coohEh. 

HiU'borea rtdqoris — N usiarduhi. - - Uorda oi ivr (Utotro, 

C. 'jwatensis — Otoim iirbontitu — \ iron Ico UecvabinKjo — l a/cr/e 
neVa sii. — Jiellis iterevnis -- ^Sa)t(fuisi>rb<f ol/ivi nails. S. oUrni>r — 
IJimana [o aiapdaUi — tjpdobiHm sp. — i*nnnda sp. — 'Varaxa- 
cwm o/)i(dtu(h — Achillea JHarmica — his l^scudimcoras — Vortu- 
laca oleracca, saliva — Salicornia herbacca — Af/ntsb ni nui Oithaqo 
— Jianunevius /icaria, (tubers) — Bvrbcris rulyaris — Sinapis alba ~ 
Drassica aiyfyt (Siaapis nlyra) — (Jocldearia ojjicih.aUs — Scaiper- 
rrruta lectorwin, aS'. soholijeruni — Sedam reflex tetn, S. mile. S. alburn. 
IS. viaxinnan (tubers) — Sia/xifniya Iridadylites — Oa.leya, (^Uicinalis — 
Oxalis Acelitsedla — Erynylum sp. (roots) — (ilanu' manlinta — Ha- 
molus Valerandi — Brunelht rulyatis — Olcchoma hederacea — Bor- 
rayo (t/fieinaiis — Blaniayo Utpronopus — Bhylentna spicatuni. }*. 
orbicnlare — (Jarduus nutans — Uirsiuni (deraceuw, (*. arrense. (\ 
hulhosnm — Urlioa dioica, U. ureus — Uunndus Jjupulu^ — Uheno po- 
dium Bonus-B cnric'us, (dc. — Atriplex sp. — Bela rulyaris — Buviex 
Acetosaj B. vrisp'ui^ — Htellaria media — I'erasiiVw- caespKosu m — 
Holosteuni wmbellaium — Vapaver Bhoeas, (dc. — Btassica Napus^ Hras- 
sica, Bapa esculenta, etc. — Binapis arrensis — Nasturlinrn sji. — 
Erysimum cheiranthoides — Bisymbriwm officinale, (dc. — ('apstllft 
Bursa-pastor is — Lepidiam ruderale — JMedicayo satira — iri fo- 
lium sp. — Malca sp. — Aefptpodium Bodayraria — Sym phyla m^id- 
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fir; inale — Anvhasa officinalis — Plantago major, etc. — Tussilago 
Far far a — Pt'tasUes (t/ficmalis — Gallnsoga parvifl^ra — Oyiojwrdon 
Acanthiuyn — Lappa sj). — Slh/huni Marianum — Pteridium aqui- 
linum — Triglochin marihma — Poligonafum muUiflorum, etc. — 
Polygonum Hislorta — Amaranlhns s]). — Ranunculus repens — 
(‘ratnbe nmntima — Gal’ He maritima — (hionis spinosa^ (>. repens 

— Lyihrmn Salicaria, — f>aurus (Ujrota. — Anihriscus Cerefolium, 
A. sjflvestris — fleraeleum Hphondylium — Angelica sylvestris — 
Lahiium purpurea ni, — Hetoniea officinalis — ]*ulrnonaria offlci- 
nalis — (^a on pa aula S|), — llelianikus aunuus — Achillea Milleloluam 

— ( 'hrysantheuf uw Leuca nlkemtiui — J! y pochoeris maculata — Sonchus 
arreusis, S. oleraeeus — SagiUaria sagiltifolia — Huiomus umbeUalum 

— Sri r pus niaritiinus — Orchis sp. — Lalkyrus tuberosus, L. montanus^ 

— (huothera, bieunis — Oarum liulboeastanuui^ earri — (Jhaero- ' 
phtflLum bulbosuiu, — Paslinatut saiira, — Slarhffs palnstris — (\nu- 
panula Uapu nrulus^ — H eiiantlius tuberosus, If. maerophyllu^^ 

— Trngopogon pra.ieus/s, T. oriental is. 

/*/j.v7',s‘ <'(f\rji\r\a FFA'i t.A fni sl'aiu ii 
(iioo'i's Ti yy/o/.vs, Furrrs, sfff^ fto 

Ttipha sp. — y y at pliaea alba — Xu pita r luletiui — Arum ma- 
eulatutn — (\tlla palusfris — Alismtt Plaufagt) — (Lurcus s]). — 

A<st‘ulus fl i pporasianum — i'henopodittm sp. ■ — (ih/eeria fluilaus — 
Panieum sanguinttle, P. liueare — Trapa naUuis — limns ettmpestris 

— Betula i^p. — Alnus sp. — Jin us ^p, — Pirea sj). — lltlygonunh 
nodosutn, l\ lapaihijolium, 11 Otoirolrulus — Tiromus ^\). — Hordenm 
'murinum — Ilstuea sj). 

- tjF(,r MIAOf'S I'CAM'S. 

llsum saficutn. P. arrense — I tna hirsuftt, I . telrasperma, V. 
Crarea. T. rill<»sa. errilia. e\v. — Imthyrus satirus, L. sylvestris, 
L. pntleusis. e\e. — l*haseolus sp. — I.upinus Sj). — Orniihopus Sa- 
lims — liobluiit Pse u(ia<‘aeia . 

1 - sroAR YJFLDiSG FLASTS 

Olyryrrhiza glabra (i-ools) — Petula sp. — Acer pManoides 

.1. Pst u(lo])Iatanus (jiiici‘). 

FJU JT/tFARiyt; TRFFS JA/> lU'SllFS. 

3Iespilus germanira — Crataegus Oxyaeaniha, C. monogyna, etc. 

— Pyrus sp. — Sorbus A ucuparia, S. domesliea, Sk torniinalis — (Jy- 
donia japonica — Amdanchier vulgaris, etc. — Rosa sp. — Prunus 
avium, P. insitiiia, P. spintma, P. Padus, etc. — Berberis vulgaris — 
AJah^nia aqui folium — Viiis sp. — Cornus Mas . — iSambucus nigra, 

racewftsa — Vaeeiniuju sp. — A rctostaphylos Uva-ursi — J^yp- 
pophae rhamnoides — Jliy sails Alkehengi. 
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It seems Jesirahle to mid (o Wa* preceding’ list, the names of 
Ct^rlain eoloiiial \\i^d plants^ whi(*li (*.aii Ik* iise<l lor lli(‘ same purposes 
as those alK)ve-meiilioned. Here too. only the wild jdants ar(* ^iveii, 
and not the s])(‘eies nsnally eiiltivated, unless they also n-row wild (1) : 

1 ri.jy rs ^’o,v7 j/A/.\r; r/a la on s ?' iav // 

Soorohohis offints A. Kieli., N. mdivus \ar. ntinoi^is Wild.^ aS. pani- 
coidts A. Ki(‘li — Tocro pinnofi/ida Kt»rsl„ — Kosula sufiri folia Oliv. 
— ('i,ssas (‘dtnora.ulis St(‘ud. — ('iropryla ronrof caJoidvs A. Itieli. — 
Opanolis hirnafo A. Kicdi — (\tfpkia (jlaadnlom Iloehsl. — Tree- 
lerns (IJ). (Me,. 

j - i.Lor \n plasis 

LahUtb nihjarts Savi — Fhastolas Mu}i(fo L. — ^'ajanns (\ijan 
J\lillsp . — Fnlffda sailaaicit Sehw., E. ahi/ss/Hica lloeh. — (bo'dra if.i'ia. 
llfMO^I. 

.'>r<.A/: 1 ii:iju \ o pla \ /> 

StoAfluna Aiiktdih Korn. — Phonic daclj/li j/tti K., ph,. st/h'cslrls 
.K' 0 \h., 1*Ip (fchicafa J*li aInfXHi a/o‘a Drinh*. 

1 n:i i rnicMu \o rni.nx wo m s///;s, 

Zizi pitas Jajaha Lam., /. Spia(f Phrtsh L., Z. ta ataioiala \V. — 
i<t‘lrroraraa him a llneli. — If thiseus cscuhAtlns \j. — Dorifalis ma’- 
ra<^osa \A arl). — Sifzt/yiaai orariinsv lhaith. — Diosptjros mtspill- 
jonais lloeh. — Mtaiasops Kantmil lloeli, J/. Sahiaiprn Tloeh. — 
Stfifidinos Intjnnvha A. IMeh. — Arooavthrya ahjissi adra. Iloeii. — 
('arissa. vdnfis Vahl. — i'ordia Ohanij Ehi’eiih., (\ abifssinioa K. 
111'., eje. — ('oat at t]dtoi (t Hoiriaiaaa Eniil.. Pardlt (Mi^o^. — Flneg- 
(jni oborala \j. — Anlidtsatfi rmosittn 1hd. — Sto'iadvia, soatafcnsls 
diioN’. — Landofphia jlorida, iienth., L. Pcicrsiaaa Kl. — jra atonuKyi 
Korariaa K. Si'hum. 

Wo i'(‘j)iodn(‘e th(* lollowiim list of wild [ilards, eompih‘d hy 
Prol. TK()’i rj:u iii a jnihlieat ion issiuMl diirine' t 1 m‘ w ai (.1). 

e/.aA'7s i\si;o As Jir MA\ fdoo 

a) LiMves. hiids, ete. : Jdnas halcpcnsis — ( 'ha ataccops haatilis — 
Asphodel as atin'oearpas, A. frnai/oli as — Iris jaarra. — (Ununaornim 

f J ) Of : 1) E Ohicinlmm, Alnt fiir priiiK* ill xrijctali rmoi o val i iw'lle iiosLre Co- 

ioiiie <li Erilrea o Sonialm f 'nfutn'ili Jiafitiuo, Komr 1921 -• 2 j HhMiY, PlantOH 

a huilfl A Oolm. Farm. p*20l_ — '1)11 .Ttr^KLi i;, Los lmile> vetft'Jt.dos .1 H IJuillioro of fils 
eariM, 11»21 — (4) Iuijm, Plaiili’- iiulu-^tnellpH, .1 H iSmllierf* ot Ids P.ins. JOKi 

(2) At Hoiioluhi (ILiwhii) a how iiidustry lui^ I.tIpIv foriio into exisOjiM-e for oxtraotiiifj; 

focula of pood quality fviUTi the [iieclullu ol the irnuk of Lroi*-frrn< (Cf Bull PJntnorn dr 
I Ifuio' ( */) tuf , I.j 4, now sorios Hanoi-ri.nphi n:;. l!)22. p 'Ui* ) * 

(3) (.'f TfioiiKR. A , Fhra M’li/o/wiro dfl/a Lihm. Ooloiiial huiid-hooka publisher^ hy 
the )Mirii«-try of tho Colonies Homo, 'I'lp di-irUmono oditrae, 191 pp liiy illlO 
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cor.cineuvi — Emex spinosa — liunux lingitanns., h\ vesiearins — 
Atriplrx Halimns — Forty laca oleract a — Brassiar Nopus, B. Tour- 
nejorlii — IJlpJoiaxis 1 tuvi eyrie ra/no — Krura solivo — Nasturtium 
officinale — Oualis cernua — Hibiscus cmmabinns — t<taHcc Tlionini 

— (Jarallunia earopaca — FheJfipaca atroparpana, F. condensata, 
F. lulva, F. riolacea — Salvia ]'erhcnaca — 71 f fi}ijt)ioides polgworpha 

— Ilgsms radiala — Kocl]nnia linearis — Scorzi)nera aicxandrina 

— Tra(f(tp(aj(oi parrifali as. 

b) I^Mow (*i‘s ov : Aliiam ri^seam — Mvseari coaoisata 

— Vapjioris rapeslris — FardunceUas acaalis — Fjfnara Scolgnias, 
Sihllforpia na — Ovftpardon v;n'. sp. — Fha p<ofl icum acaule. 

(') I ndcruroniid ])jn1s: Ftfperas (scidenlas — ('haataerttjts ha- 
iniiis — Alii am Avi peloprasa ta — M aseari <‘i>aufstiia — Tali pa aas-\ 
trahs — Albagi aiaanaKai — Baamm utaarilatiicaai — Ferula \;ir.' 
sp. — Fnaliwai gutlalaai. F. hirhrai — Faarrafi a m aiarilianna. 

d) Ib iiils (M‘ S(mm1s : Fnhednf alata — Arislida piiageas — lOir- 
lifbu'leanoa aegifphaewm — Faaieaia niiliaeru ai, F. lurgiduai — ZV /r 
'atselioa dirholtemu m — tJifphaeae Ihelancif — Quer(‘us Hex — Mesem- 
hryaaihi aiu ai f^'arskalii — l^ieus I'elaaLaL F. cuealii pfoah's — ('ap- 
paris Sadada *— Aeada iorlilis — Astn({ialas bneihai>;. A laaigeras — 

\ igna sesgai ped((hs — Bints Oxyaeanlha — - A ilrarnt n idi ttlida — Ba- 
lanths aitpiphaea — Arhalus l aeda — ■ Salradora persn‘a — Salvia 
spivosa — ('ifndhis ('aUtetfaihis 

(*) ( '(HifliiiMMil s and lla\ oin‘iii.n.s : lA jflliraslielus puttelalas — 
Jantrus atfhiiis — - Staapis alba — A ta aaalaatats Ia ue<dhrieas — I'nlh- 
viaia atariina wm — Felraseltnaai antattddes — Fituraallius larliws'us 

— Baianiiis aegij ptiaea — Fhlonns jbteeasa — Basiuarlu as offteiaalis 
~ Thtjaius (‘apilalas. T. Inrlas — Ontntis (aleafa — Belaaia Itaehnn 

— I'rifainna loaitabtsam — Trigonella augaiaa, T. la(‘iainta — } ieia 
Fseudoeraeea . V. safir(t. 1 . vafnanihias — Ferula var. sp. — FHu~ 
ravlhas larliKtsus, ric. — Ztziphas I.olus — Fradiuat arboreseens — 
Fogania arabiea. 7\ sinaiea — Nilraria fridettlafa Ztfgophyllum 
album — ll a plaplnjllu m verm iculare — Alaltit silresiris — Litaoaas- 
iruut (i atpniitttntm — Slaliee Bonduelli, S. globalariaejoha, S. priti- 
uosa, S. Thaveni. S. tubifera — Feriploca lengala — Salradttra persica 

— ('an voir ul us sypiutts — 11 tfosctfam us Falezlez — I*helyjiaea ('1) vi<t- 
lacea — haraadala eoranopi folia. L. 'maltipda — Marrutiata deserti — 
(Uobalaria Alipuat, (I . arabiea — Flantagtf albit'ans. F. orala — An 
thevrts glareosa — Aarillea ratliala — Artemisia rariabilis — Alrac- 
tylis serralulaides — i'aleadula officinalis — (Uirdancellvs acaalis — 
Cculaurea eoniraeia. diviorpha — (lirifsanlhenrinn coronariuin — 
(ladanlhus antbieas — Bhanleri uui suareolens — Zollikuieria arabiea. 

orKAinyoi's ri.Ayrs i 

ft an i perils macnmarpa — Fistacia JA tiliseu^. 

^ ALCOHOL Y1KL01-\a VLAMs ' 

AspfHuhlus mieroearjnis — Arbutus I'nedft. 
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This section slunilil not bo oonohuled without retVroneo to a woik 
of iwthailar iiitercjst and vulue at tho pmsoiil lime whic.li was sub 
mitted by Prof. (). Mattiuolo, in A])ril PdJ8, lo tho U. Aremirmia 
(ii Ayricoltura of Turin, uudoj- Iho tiilo of Idiytoaliniuriiia IVdomon- 
taiia (1). 

Tiio iiiithoi' deS(ail)os a (*.iMisi(hMa])li‘ inind)or of (la* wdd plants 
of Piodnioiit which arc til lor Jiuinan lood, but as llu‘ urc^atcr uuiubcv 
of them arc also widely diffused iu other eouu1n(‘s, llu‘ subject matter 
of the book should be of Milue iM^soud the hmds of Ihedmont, ami it 
is for this reason that. att(mtion is called to it heiav 

n should l)e uot(Ml that. Prof. M \'rr[ii()i>o |)uhhshetl this book 
before ih(‘ ^^a.r \vas ovei- (1018) a.nd ^^hih‘ tluat^ was piessinj^' ne(*d 
for food-sluffs to enable llu‘ slrutii^h* to be (‘onlinmMl at all costs. 

.M VTTIROLO (juotes Vll.LAK.s, wJio in 1701 slated in his OaUihujutx 
<J(us substances rOjclalcs qui prurcnl serrir a la nourrihu'*' tic riionnur, et(5., 
that, in t.lu*. deparl.imujl s of I’lsere, la Droiiu' and I h(‘ Ilantes-Alp(‘S 
us(' was mad(‘ of only a hundred kinds of food ])lan1s, u hile the ancients 
mad(‘ us(Md' md hsss than 500. I f \dLi. vus i'ould coiut' t o life a^ain ” 
says Pi'of. V'l'TliiOLO, 'he would be* hoirilicai lo sia* to what lids 
hundriMl has slnamk, for m our liim tlKua* :n‘i‘ not- mon' than thirty 
wdld ])lanls that are used for food 

Furtlj(‘r on, our author says: ITow' (‘\t raordinary it is that our 
ruial and j)arti('uJarJy our urban population hava‘ siudi a pi(‘judiee 
ai*'ains1 usin;^ wild plants loi- food . . . 

“1 admit t.hat 1 am not riaMmimendini;' chou‘(‘ loods (we do not 
ha\e. any such now) but 1 know that the c.arl)ohyd rales, llu* nit lo^cmous 
subslanei^s. and the fats whieh wild plants contain are id(‘nli(‘-al with 
thosi* (‘ontained in (adlivataal jdants . . . 

If we are not \ et rialueed to feed only on wiaals, at least ii. is 
reasonabh* to look about us and lake note of tin* supplies ol food that. 
A'at ure luu'sell offers. ’’ 

In dealine with tiie ditlerent- kinds (d‘ plants tlH‘ author has aiiun^- 
ed liis material solely from the point, ol \ ie:w' of food, whilst at tlu‘ sa.mc^ 
tiim^ keejuiui more or h^ss to tlu^ elassilieat ion ]>ropostMl ISOO yc^aa’S 
aj^’o by (lALEN in his I'rralisc an Faods. lie thus obtaimal the followin;^ 
11^ ehafiters: 

T. Stems transfoiined for storaue o\ plant-lood : (A) IMuzomes — 
(H) Tubers, llulboiis-t ubrn's and Tuberous-rldzomes — (( ■) Pulbs. 

II. Hoots transformed for storage of plant-food. 

Ilf. Youni;' shoots, soft-, juicy and edibh‘. 

TV. Plants, tin* leaves and S])rinjLj: i^rowt lis wddeh art^ usiai in 
Salads. 


il) M vri iHOM). () , I‘li\ ro.UiriiuiL^i.i Crdt more mm, ( ^'ii'-iirn ill n sjmi n v.j-jt'tali 

•iliiiiiiitMi I fli-llii h'loi.i -'p.Mif Jiur-a tlc'l r, ii\ AiiUtfh il'ihi /.‘ nun h Atpi'^oftu r'l. 

Ui, I orino, v'ol ♦)!, |) 1()7 V J^ooa, Tniin — A toll lolilio^t apliy of (ho siiltjocb js ul- 

1 nolied ro tin-, wm-]. 'I Ik- ^iuok-ioos illo-^lrai loii - iirr' tiikoji from ConkfH ndin d> fl<t Flora ^tnhana 
of FrOiiT RTifl Paoi.ktti fCt Prof A Froui ]< onoL^niphia Fhrr.o^ Italo ar', or Flo/a fta- 
l>anfi iHuarata, ’Jii'l o<l - nlorj^nd Saijc-H-oiaor \hil di Ihlfl i ^ 
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V. I'Uinls, lilt* .s])rinfi"f;;'r(>\\1hs oT \\hioli iin* csiH-cinlly used for soii]ks. 

VT. Plauls us(*-(l ill oiiielels and oake>. 

\ IJ. FIowim's used as food. 

VII 1. Fiuils a ml se(*ds used as lood. 

IX. ()il-yi(‘ldiTi^- plants. 

X. IMants or parts of ])Iaiits used as sidist itut(*> foi li^a and eotfec*. 

XI. rdiiijji — Alpac*(l) — Lieliens. 

XIT. I lil)!io;j^ra pliy (d J''ood-Produetion. 

In ord(‘r to <'onipl(‘l(‘ tin* pr<*eecdiri^' list it lias l)ei*n lliou^ln ad 
\dsable (o inention here* 1 In* speeiiss elassilied hy Pr(d‘. IM VT'JTROLO \\hi<‘!i 
are arranged in llie order s(‘l tnit iinnnMliat(‘ly a))ON(‘. l‘'(U’ tin* sak(‘ 

ol l)ii*vilv lln* eominon nann* (d <‘a(di s]>eeies is oinitl(*d, oidy the Lai nr 
name hi'inu i^ixen. 

A^judnuh nii.i-nufs Svn . — Arutu tnacHldl fini L.. A. ihfln-Hm Mill. 
— Ins (fvnnatunt L. — l^alfujonulu m nndl i Ihtnnti All, — Ttnims 
conmni n is L. — J.. — Smjifluna sinjttl i fol hi 1^. — 

Tlfjlhil iHlilitlni L. liuliHtlHs innfu'lldlus L. — Ihirltflorl 

Piis. — \ j/HijAHnuf alha L — Snphot hilnin Sm. — (h'lthus inhi- 
rtfS'iis L. — PdljffintnfiH Hislorta L, — ('dhjshijid sc p inn J.. — J\I e 
iiffanlhcs inniliaid 1j. 

7 / /. 77 ,'s !i( I f:oi N VI /;/;/.’> A.\J> /f iUHiors 

(iladidl ns rotn in n n is L. — i'nnnis vri'nm L. — ( olidnrn in nntnin* 
'ridlc L. — Sfnclii/s pn/nstris L — Pifrhnncn i ni'Hpni n in L. 


Tnlipn si/lnslris L., T. vlnsiann I). /. prnn'd.r 'Ian.' — Ldinni 

Aldi'lfUjon — 31 nsiuiri cniiHisnin IMd! , 3J . I'nninnsnin Mil!.. 71/. 
hot r pm (It'S Mill. Oniilinnjnlnin nnrhnvi use L..^L pjfri'nn icn in L., nin- 
InlJatnrn L., (>. hrinilnhinn (Lisn. — Alliiitn rininh L., -■ Lnwojnnh 
rerun in L. — iinjilironiniii Dnis ninis L. 


Asphodel ns nihns M\\\, (A. ntiiKisns ],.) — (hehis Mitrin _L., O. ma- 
enldld L., O. Idtifolid L., O. rdrii(pitd .ML, O. jnsen riaep,, O. sdinhncind 
]j., O.ijlohosd inihiaris \i., i>. mdsenld. L. — ('onjddHs lard L, — 

Firnrid rdiinnenloides L. — I^pirded Filipeydnln L. — Sin in sisdnnn 
— Ilnninvi linlhoedstdnn'in L. — Sninjihpl nm fnfnrosvm L. — 
Fd in pdn nid Rdpn ncnlns L. — Hn/ovid dioien L. — • i hiopordon Aean- 
Ihinin L. — Seorzonerd hispdnied L. 


'if Koi llu' izel.iliiM i)f llii -. 11 ^ ‘I ). il i. A Kau- ('),< i>i .!//(, vol 2!), 

Nn \\! N ^ , neii 
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Hu'tn/ulus Lypuht.s Ij. — Asi)anig)(,\ oljid tKil ts I,., A. (nn/lmlitts 
Ij.j a. acut'ifoliHs Tj. — Oi'mthiujolu ni pi/rt )Hitcn tn L.. O. mfrfio- 
'ticnsv L. — J\ if sc us uculcuius I., — Tam us tom mums L. — 
vaUiw wuliiflorum — Vheuoiuuh urn Httu us IJ < uncus L. — lu tin 
vulgaris L. 

SA l.A h> 

Knftiironium Dcns-cauis L. — I'aniantt t>ljfcluahs — I'rf/ru 
flioiva 1^,, V. urcus [>. — Rumtc tflftiuus L. — f*<fli/</<ai u m lUstorta 

\j. — Latniuiu album L. -- Afuga n jtlaus Ij. — \ ( rtfuit u iboca- 

hutiya li. — ///^r Ixajtu uculus L. — rhj/lcuma arbit-ulmt 1^., 

!*. AIi(‘li(‘lii All.. — /'. sjH’calum L. — lufjistfua emu tu u ms L — 
Ijcoultulou Itashhs L. — Picns Incracanth s — i'r> jus f(n(iiia L. — 
Tragojmgau irralcusis L, — ll g juwhacns "tulicata !.. -- 'iara.i'at'U m 
afliciualt‘ l>. (\ — Laciuca scar/ala |j. — Ftfucims an'fusis L., .s. oh 
raccus Ij., N. asper A^ill. — (Wt^httri u m lufgbus [j — Hcflis pcrctfuis L, 
Ftcrl ulaca ttlcracca L. — \' alcriaucila alitoria L. — Faferium Suu- 
ffuisarha Jj. — ihiauis spiinpsa L. — Stlcut iu/hiltf L. — Httrhand 

praceax 1*. l>r. — I>iplaia.ns icunilt^Ha 1). — lA'Uca salii'a ]j. — 

\asl uriium tp/Jiclualc I>. — lluuias J'Aifitffpt 1^. — ('ulcpmu For 

riui I)o,s\. — ('apsclltf Ji u rsa pasitu'is L. — 'J'hhispt pcrfolialum L - — 
i'icaria rau u-ucftloitlrs — /hijparcr IJhtu'as L (1). 

TS I >/' n / (tl! .so/ /'S 

Tlir ('.oiii inn nl dij’lVimil dislu-s iiiinlc li cnn r> 1 .^pren s 

of plants is sluiwn in lahiilaj r(nin (np ciL. p|». liOP-'Jl.'i j. 

/'/,.! \r.S r'S/’J/) Foil OMFl.FTS A \0 C [UFs. 

M ( lisstf (*ffi( /uahs L. — Fgn thru m Halsamfla L, — . I /.s/« 
Absfulhiuiu L., ^ 1 . (tracuucul us li. — Apium Ih trosihu u u\ L — Ih>s- 
manuus (tfjiciuahs Ij. — Falritf pialcusis li. — sclarra L., N. o/- 
/iriualis L.. 4S'. gluhuosa L. — Oegmum llasiJictf m li. — I'hgmus Nr/ - 
pillum li. — Stpuch us ah ratu'us \i.^ S. asper \j. — l*lautag<f tauccohfitf 
J*. 'media L. — Uriica. diaica L. — U g ptpchm ris radiata L. — Fa- 
pa rcr Fhocas li. — Lamiicm purpunAcm L., />. 'mtaotlal u m li. — N7/7- 
laria media Vill. — Aleditaga saiira L. — Farielaria td/triualis L. — 
Ijapsana etnu m u nis Ij. — Siutipis a recasts li. — - Ihi pha u'us Ihtpha- 
'uistnem L. — l\umex .lrr/f;.SY/ — Buuias Frucagtt L- Sileue iu 
ft apt Ij, 

F /.on K us F si. n AS fooa 

i'ucurbiUf sj). — Lmpalirus s|». — Beilis ju rt U'ms — Tiojantduui 
majus L. — Viulris — l{nst‘s — ,lasniiiH‘ — IPJama I'st udo-acatua 

(1) V^arion^ s|it?r'n's uf Sfih^'dniK t'H\* Ioiil' ’m-cmi ,uj''. v^i.n t uii^ulMruaty 

iluriii^ tl»o war t'lllu'r ticl iii viinjjrni ui id viirnmi w,i\- X- i r tin* ii.tO 

ot thesi' RPn-«,lioro or '.alr*laricl I'Miipar** Ilrt m U'hiA vnt >i) il , Vul 111, N-. f 

pij. l'J9 amt I’t.il 
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PART 11. 


L. * — Cytims Laburnum L., C. alpinus L. — ^fimpJita sp. — 'Nu- 
phar s]). — 31 ay noli a Yulan. 

Flil'lTS AM) I'SED .IN l'Oi)lt (/M IF, COOKED, OJiOl’SD IM'O FUiVtt, ETC), 

Fagus syiratica L. — Oorylus Av< liana L. — Qurrcus pedunculata 
Ktirh., (L srssiliflora Sin. — Trapa natans L. — Prunm Mahaleb L., 
]\ spiuma Jj., P. Padus L., 1*. Briganliaca Vill. — Cornuft 3fas L. — 
Pyrus torminaiis JOJirli,, P. Aucuparia (laeit. — Cerasuft Avium L. — 

— Pyrus Aria Khrh. — Herberis vulgaris L. — Rubus fruticosus L., 
R. raf^sius L. — Physalis Alkelcengi — Vaccinium vitis-idaea, V. tnyr- 
lillus, ]\ aliginosum — Ras[)lK‘i‘i‘y ;ui(l slrawlxMry — Ribcs Gros- 
sularia Ij., R. alpinnm L., R. pciravum Wull“, R. nigrum L., R. rubrmn 
L. — Snmbaras nigra L. — Grltis australis L. — Finns (Vmbra L. 

— Arsvidus nippocasiannm Ij. 


7. — Substitutes for coffee, tea, cocoa, spices, etc. 

Ai llu‘ of \\\c war artrr 1 ln‘ blockaiU*, nl Ibr (Vailial 

Kin])jrrK liad Imm^i (‘-st ablislitMl, tlnnv sjaHMlily Followed an inereasini* 
K(‘areitv (d‘ e.olTcH*, ((‘a ele,., and (*vejy nieaiis was lak^ n to meet first, 
the sliortaf4(‘ and then the e.oinpleie abserie(‘ oF these (‘oinmodilies. 

For this reason (‘Sjieeially in (itninany a lai\ii<‘ innnlxM* oF snbsti- 
tntt‘S e,anu‘ to lu‘ reeonim(mded and aeliially sold, sonu^ oF w hicdi 
had been in iist‘ even belong the war: later on as lh(‘ riei‘,d became 
mon‘ [)i'(*ssin<i’ and tin* investigation oF iissonrees was exttmded loni^‘ 
lists vvtTc* drawn ii]) oF wild jdants and oF jiarts of them (seeds, 
tubers, bulbs, et.e.) slated to b(‘ more or l(\ss siiit.abh* For making a 
b(Mera^'(* that mi^ht be C/alh'd t(*a. or eolliM*. Very of tiiese 

plants thus put. to a new use. are. lit to )a‘ ret*a.im‘.d For the purjiose, 
but. out oF tin* lariii* number probaldy sonn* may In* eonsider(‘d as 
taking their jilace amonp; tin* subst.ilnti^s For stimulants with tin* 
advanta^i* that they do not e.ontaiii more or h*ss harml'ul alkaloids. 

It se(*ms worth wliile lln*refoje to ^i\e sonn* jjjeneral ae(*ount of 
the subp*ct and to indicate'! broadly the kiinls of })lants us(*d and 
lei'.ommended as eofFec* and lea subst itutc*.s. From the import ama* 
attaehiiii^ to substitutes in the CVntral Em\ares, Germany oF eonrse 
10(dc thelea.d in this matter. Tn the Allied States, in solar as oveiseas 
trade was possible ajiart From tJie submarine aetivity, real tea and 
(‘(dfee well* always obtainabh*, and the, problem of substitutes was 
(d‘ niueh less importance than in the Ontral Emiures, esjieeially in 
tin* last, years of the war ( 1 ). 

A list is subjoined o\' substances that, had b(H*.n employed in the 
preparation oF ecdlee substitutes more or less freely ln*fore the war 
the us<* of winch was ^^reat.ly incr(*as(*d during the w^ar. 


(IW’f : 1) Hu RSTjJVEii, Kk , Etilrat/t ::nr Kritysimrtschafi, Die KaMee-nrsatzinittel vca- 
nn.l wSlircTid rtei Berlin, 191H - L’) Hoskhus F , etc., ziir Krieqswirt- 

nrh'iit, Kadet', ‘roi*. Kakiin. m vler Knt^i^'swirlsrhafl Bprlin, 191 S 
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Fulse takes the tirst plaee, but in 1918 the iist‘ oi' it was forbidden 
for any purpose otluu* than din^el feeding. Thtui follow tubeis and roots ; 
tubers of artichoke (derusaleiuj and dahlias, roots oi daiid(‘lion, sal- 
sify, eleemnpane (Inula Hrlmium), burdock (iMpiui spp.), bweiaVw, 
8tar4histle (CVir?ma galingale (Fi/pvrus csculrntus), the wood 
pea (Orohus tuherosus), coiniiion ree.d (J^lmtijunlrs communis)^ arrow- 
head, reed inaec^ (Typha angufttifoUa and T. latiiolia), the inal(‘ shield 
fern and tin; bra(Jk(‘n f(Tn, <piaKing grass {Hriza S]).), paisnip, sugar 
beet, yellow^ water lily, etc*. 

Next. come. tlu‘ vet(‘h seaals ( Kalfeewicke), earob seed, elu‘stnuls, 
horse chestnuts, asparagus berries (1) (also as])aragus j*e1us(‘). beech 
inast, s(‘eds of pum]»kiii, melon a ml w atta iiK'loii, siinllower, 
lime tree, robiiiia, laud root, bmdvwheat, gooscdoot, oi Ixusrus uvuleatuH 
(bul(iher\s brooiu), (taliuni. s])p., eamelma, broom, eviuiing juiinrose 
(i>enoih(ra hinniis), jdaintaiii, staraihdla, water ealthrop (Trapa ualam). 
raiiuneuli, (de. 

Then I la* iruit ol th(‘ nusllar (or hupiat ), oi t lu^ seiwiee lre(‘ jimi 
]H‘r, sloe, elder |j‘e(*, dogwood (U), berlxuis, wild ios(‘, ciaiilxary (Oxjf- 
rnrrus palufihi^s), inulbcury, holi>, «de. 

Finally the (IikmI y(‘asls oi wiiu‘ and Ixa'r. 

A eoii<M' substitute was also made* in (iermaiiy irom I he dregs 
ol beer ('asks by 1h(‘ iollowing ju‘ 0 ('ess : lillering in a lil(<‘r press lor S(‘ 
|)ara1ion of the b]'(wv(us’ giains, th(‘ii drying m a loastiug ai)jniralius 
al 10(F ('. Hy the iiudhod pat(‘nt(‘d by IbuaaiTOij) ol Ibulln, (he 
drying is don<‘ at 18(M’ (' to F (3). 

During I he w ar iuvassi igafions w (‘i‘(‘ mad(“ as to e.(db‘e snbstilut(‘s 
m eoiintries far riunoN (m 1, lle‘ ]*(‘sults ludiig af1,erwalds madi* known in 
Furoxiean (aunil ri(‘S. Among (dluas may b(‘ not(‘d I lu* obsiu vations 
made in the Laboratory of Agrieaill ural (duunislry al FooJia (lli'ilasli 
India) ( J)on 1 he ]'oast(‘d grains (d' dnssitt Tora^ a bushy waa'd, I li(‘ siaals of 
w Ijiidi ar(‘ sold under the iiaiiuMd artilb'-ial (‘ollee and e(dba^ subsl it ut-e. 
\Vhen powahu'ed lh<‘y look lik(‘. eollee, Init tlu* sim'll and tasti' of Liu* 
infusion is di1‘f(*r(uit, although [)h‘asanl. Thes(‘ siaals (',on1ain a glue.- 
osid(‘, luunoilin. 

In lh(‘ distriels of VVatiaheig, ele. (Transvaal) (he nali\(‘B employ 
as chicory tin* diiial root of dapjxiri^ alffitnnica. A Loudon linn 
iiiforimal the. Imperial Institute* that it was an (‘xeidlent substitute 
for chieoi y in coffee (5). 

(ij M (J Mr iiiuuymi, in Zi itbchnil jiu Ihiti t,'^urlntn<f r .\ a/iru/Kf/^- tinU H* jmahntitlf I , 
Vnl IJ. 1ms jirovi’fl thnl iispiirn^'iis hmins wln’ii lo.minfl lijivr ii flavtiiir irnn li 

r«isoml)linir tlint of mil colloo j)owrU*i 'TIm' iiifn’'iion is [iloasiiiit , n liMlo sworl, uith no bil 
ler tastt Thosi! roiistO'l boriios curiUun wdloi Si % nit n.iKMioii-^ niatlor 17 > % — 
taher t*xini('< S oxtrarl. ‘5- (ill % — iiivmi ‘-ol'.u' t rmlun n;; ) S niinor.il 

f'ob'ii am 4 till % 

(i) 'rbc flo^rwonfl Jl/ns L i It.is boon 1 1n* suliief’i of dS|u*i idl slnUy Ij\ (' rJiiiKij?:!. 

iZfttftrhnit fiir UnlvraiicJiunfj d- r Ndh) iin tiiid U< I, vol .‘N, pm I, .i, iai7j; lie 

«iivs that the flofeby part of tlie borne’, can bo iisod in nmUin.r ]>M’^('rvo‘' and lli.it the ,^oods 
yield a eollee substitute. 

Cn KOLJ.EU, Dr Tii ,^oj) rit , p ."ih ^ 

tJ) Tamhanb, A, in TJit l^fmnn Aiirtf'dltmal Cnih iff dym/nTi/o , \ ol IX. No 1. 0117 
(.’i) Bullftin of th.r InAitntt vol XV, \o I l.oTidon, 1!)17 
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There have* been also nuiiierous .substitutes for tea, as aj^pears 
from the lists ot plaul vSi)eeies rejirodueed lat(‘r on. German tea was 
prej)ared in 1917 by llie eonsuniers thenisel\ (‘s and eonsisted of mix- 
ture.s oT leavers ot iiiyrth*, rasid)eiTy, strawberry ])lant, braniblo, flowei’S 
of tlu‘ liiTH*, oT heather, ^\oodrulT, and eainoinile. 

In South tlerjnany sj)eeial use was made ol th(‘ Iruits of the* wild 
ros(‘ (Idps) an<l also o\ a])])le peelinjis atnl dried api)les. 

A si>eeial brand ol t<‘a ('ailed “ Odtuiwahba (ltd )ij*‘is- Kraut er- 
T(‘e, Marki'-t Jrat'o " eonsist(Hl of a eho|>]M‘(l inixluri' ol tlu' floweis of 
lav(*nder‘ and ehb'r, li(juori('(‘ root, h‘av(‘s of eoltsloot, of tlu' straw- 
IxuTy plant, ol' brambh*, bireli aJid wat(‘r mini (1). 

TIk' sp4‘ei('s ol plants used, or staliMl lo la* siiilabh* lor nse, as sub-v 
st-ilul(‘s lor e.ofUa'. (aa-oa. t(‘a, t(*ba(‘e(», and sj>ie(*s. arc' ^roipa-d in the \ 
following lists. ' 


SiniSTl'J FOli ,^ 77 .U/ L.W'J.s .IA/J M.kAl.Uli)^ 

( \i> sinis'i I'n Ths I'Oi: .s/’/r /as i-Ai 

Si nsTVi TTios r’OK eoFi'ia': : Araehis InijnKjean (M'cals) — Gftssin 
(Hridvnial is (secals) — jistrtujal as haeliens (scasls) - Bela rulijuris 
(roots) — Brassiea ItajHii (reads), /». A'o/ocn (r(M)ts) — Uancus Garota 
(r(M)ts) — Bofanuai hihenhsam (tubcas) — Nro/co/o/vf hisjxtnica (I'oots) 

— ('i(‘liori i( ni Jalifhas (I'cail ) — Tarajaetfai olfieiaalv (root) — Tri- 
lieaw n'jK'Ns (I'oot) — Vlirmjmiles com xmc /. v (rc aits) Gordevm satiram 
(sec'ds) — iSceati vercule (scaals) — Zea Maifs (sc'eds) — Asianyujiis 
officinalis (seeds) — Iris Psendoarorus (scaals) — i^uervas pedav- 
ciilaia and (). sessiliflora (scaals) — Fayus sylvotica (secals) — Her’ 
Jn’ris valyaris (Iruit) — hUtsa vaaina (huit) — Pranas ariata and 
P. amifCfdal as (scaals) — (U^alaeyas (Krtfcaatha (rniil) — Sorhas Aria and 
tSorhus Aacajarria (rruit) — Uithinia Psendacacia (secals ) — Sarothaia 
nus scaparias (siaals) — Lajunas latras and L. aayasiifali am — ('/- 
ecr arielinam (scaals) — Jjalhyras saliras (seeds) — Tetrayonolobas 
pnrparcas (secals) — Ornithapas salivas (scaals) — Pisaia salivam 
(scaals) — Gij/einv hispida (scaals) — Acsralas [I i ppocastan am (secal.s) 

— Tit is viaijera, (scaals) — (Uirnas sanyainea (truit) — Hv.r aqai- 
foliam (scaals) — Planlayo wmyo/‘ and ]\ media (scaals) — Ualiam Apa- 
vine (scaals) — If ^liantlias tnuias (scaals). 

Sijn.sTiia'TF:s raiu caicaiA : Araehis hifpoyaea (scaals) — Glifvine 
hispida (secals) — ('aslanca saliva (scaals) — ('onras sanyainea (ri'uit) 

— Liynsirnm valyarv (liuit). 

SrusTTTTTES FOR TF.A. — Pahas plicalas. It. nemorosns, R. mr- 
sius. It. idaeas — Frayaria vesva. F. moschafa, F. grandifinra. 1\ chi- 


(M Kusffj', K. Ei (l*!r FiaciMn voii Erv,iii ziuiOfI fur NmIjiiiuljs- iiinl 

Ci^'iiussiiiil tf'l, jn Ztii«rh)iil 1m Inln.^mhumj (hi Xa/t nm (/,•>• (t ml (h tiussintth I, \ol. 'rC, 
Xo 0)17 

F(ii‘ rdltoo Mild ti'M siM' uImi Ha'^ti.mj.ik. a , IvmHci iMul IvMlioF-Ei'^MlZ'^loifo , and "J we, 
Toc-rMyol zniil ( cl, (l( . AkadcTii Wi la^sirc'.clUch.ift . Lcip/ii: 

^(2) OiKi.s, fj)) cit.. p 222 r.C) 
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loensia — Marchanlia polffmorpha, (Me. — Asplndfun ruUt-uturari^i — 

AyiOwxanthuw odoratum - iSVi//> sp. — Mpricairal* — Jtajinns rnjin 

belula sp. — UhAs S]). — I rtica urcus — Ih'tutlhns sp. — 
cidus sp. — Vruviji'rm^ sp. — Srdnni tnarimaiti — liilns nK/rKm -- 
Sorhufi AucKparia ~ Cralaepns O.vpnuilha — Fofctidlht sp. ~ ~ 1/ 
chemilJa sp. — Aqriinonia rupotana (I'nnl nnd It-ncs) — linsti Fqlau 
ivna (lenves jiiid 1‘niit) — Pnntns rmtsus, }\ spint^sa — MiidfttHs 
offinnali.s (Howcms) — Trijolium — Anthplhs rnhumrin (downs) 

— Ilejc ff(p(it(dium — Fraiujula Aluns (Inrk) — Ttlia sp. (do\\n\'>) 

— Alihaca sp. — Malm sp. — /fj/pturiuti sp. (dowcos) — ]’i(da 
tricolor (pluids, dow(‘rs iiud rniil) — Fpflohnnn aoijasd jolrnot — Sn 
tfirala raropam — (Uo iaadravt sahnno (;i rnnuit ir I mils) — ('annit 
('arn (iiJ’oinjil ic Irnils) — Fini pi arlla Aalsfua (aiimn I ic Iniils) — 
Fomiculaoi ol]iciaalr (.noiml ir I’niils) — I'cuccdanuot ihrosi lanntt 

— Jdfrola sp. — \'(U‘rit}nnn Mifrlillas, T. \AlisJd(ua, \’ . O.n/i'oct'ns 

— Fallaaa rahpiris (sIcmiis, h‘;i\ os :ifol dowoj-s) — Frnnalo nflicnudfs 
(h‘;\vi*s iiiid dow(‘rs) ■ — Frfmnus (.nulslnt — (uadatHt sp. “ Fnl 
tnoaarla oUicthalis — Lit hits juronctu (tfjinnah — La m nd ula spirn 
(dowcM'S) — (faliopsis iliihia (]d;m1 and dowtas) — Uilomca a/liitnahs 

— M idissa, olliciaalis — Orujanaoi ralijarc — 'I'ltifum^ nilparis (plaid), 
7 '. t^crpifUani (plaid) — Mcalha piperita (plaid) -- \'i!onii‘a Lmin- 
han(j((s V. Oiontana. \ . ('hainacdi ps, \ . nlJirl nulls, 1 . pro^'lrala- \h‘c 
lorolophns sp ([»laTd and dowlas) — Flanlapo sp. — Asprmla 
odorala (planl) — Fanibaciis nnjra (llowi^is) — Scahiitsa sp. — N/n-- 
cisa sp. — Hrllis percttnis (iidlorosonu-o) — Anicnaoi ia thotm (in 
dori‘S('cn(‘o) — Acliillca M illcfidi not (iidlor(\sc(‘i)('(“) — ('hrpsanlin ma m 
(Taaacrluni) raUjan (iidlorc^smK'o) — Matncana Fha imuti tlla (inlhn- 
es('i*n(*(‘) — l'as.silti(j(t Farjara — FarlinrO rnlipais — i'cniaara ('fpinas. 

VVdli Toward lo IIk* plants, to I lio nainos <d uliirli no spooial in 
dication is attaoliiMl, tli(‘ l(*a\(*s aio used, ocina'aUy w hilst still \oiinu. 

SrESTirn'Ls J'on Toia^H’o (1): Ins llitnuhna (the rln/oiiir,s lor 
snulY) — \dtl(‘ria)ia (tj/lionahs (roots). 

Plants tlio l<‘a\(\s (d which aw‘ ns(*d : S phaijn a ni sp — Nc/^/sp. — 
Mprica Hale — Jaglavs mjia — ('onjlas Arvlla}ia -- 7^(1 nla sp, — 

Fagns sglraiica — ifacrcas scssilillora, ()■ fndancalata — llmus rani' 
'prsiris, o[\\ — Ilaniulas Jjnpulns — Fannahls satira — F rlira diaa-a , 
U, urrns — Fatarj t‘ri,spns — Ixhruhi offiritiah — Frla r alga ns — 
hcrhrris vulgar (s — Xastarliani ojjiciaali — Flalanas ovvidrnlalis — 
Frajias ('rrasas, P. Alahalrh, !*. spimtsa — Phas glahra — Arsialas 
U i ppocastauaia — 7’//n sp. — Althaea ojfudnalis — Xn-haagi lira ofji 
cinalis — A rctostaphglos I ra arsi — Fi/idannn raropara m — Urn' 

liana sp. — Fifinphiil am ojficivalr — Anchasa itlfinnaiis — Laran 
data spica, — Hlrrhoiaa hrdrracra — Hrandla sp. — Prlnmra (Sta- 
cht/s) officinalis — K^alria sji. — Thgtaas ralgans^ /’. serpifllam — 
Plantago 7najor — Wspcrala (alarala — Finnhaciis vigra, S ranmosa 

(1) 'rij(' inaj<»ri1 \ (4 tlicso III mi imi iir^i 'I .ilimr, Iml .ii-’ hum ii \\ il I. 1 itlim < <» 

JliOs])erios luenOoni'iJ A\rn* jiol till i rrimiiiii'iiili il im ii'.Hti iii Oim' ihv mi T' us' il 

in iNorvvnv, Latvia, Aiisinu i*h , 
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— Vihurnutn Opulm — Aster alp ini4S — Helianthvs amiuus — Achil- 
lea Millejollutn — Tussilago Farfara — Arnica i^oniana — Doroni- 
cum s]). — Senecio vulgaris — (Hchorium Tntgbus. . 

Plants tin* lloAV(^rs of which Jirc iis(*,(l lor snnlT : Vonrallarla majalis 

— Ji*<)sa S]). — Melilotns officinalis. 

Frnils iisimI as sniilT : Aesciilus Hippocasiavum. 

Si^nsTJTlTTKS voii sru^jos ; — (linj^cr ; Acorus Calamus (rhizo- 
mes); Cloves: (leirm Urbamnu (whole ])lant infnS(Ml) ; Vanilla: Pi- 
cea ecrcelsa and Abies pectinata^ (the resin forms the raw niaterial for 
tile manufai't iir(‘ of arlilicial vanilla); : (Uiltha palusiris - 

ei hnds) — Ficaria rauuveuioides — Tropaeolum majus — Saroiham- 
nus scoparius — etc.; I’epjKT : (^apsic.um annnum (frnil ) — Asarum^ 
curopeu'm (h'aAes). 

()1h(‘is are iiienlioiKMl, hut as they ar(‘ of l(*ss ijnporlanee they 
are omilted heir* for I hr* sakr* ol l)r4‘vily : tin* lollowin.i' tioAvcvcM’ 
mt'nt ioikmI Iry Tkot^I’KK (oji. eit..) may he added : Rhamuu^ prtuoides 
Her., iC iujusifmtrm Drd. — Callia cdulis Forsk. — Abnis precalo- 
rius L. — Carissa edulis A aid. — Salradffra jivrsica (iarein. — Monnga 
olrifera Lam. 

In Dimes' t r(‘at IS from whieli the aho\ <* infoniial ion is1ak(‘n, there 
ai'e fnrtlK*!' uroiips of snhst it iil(‘s not rlir(‘e1 ly eonn(M*l(Ml with tin* siihjeeli 
of this AAOik ; 1h(‘ehapt(M' ln‘adinu's only an* ^iv<‘n (1): Snhstitnles for : 
M F:T)j(aTN \L siTnsTAiNi :ks — Sxpois srnsTAiv(a-:s — Uiihkkk and 

or ri' ACKin’ii A — 1 H:sins — Essjontial oils 1\\nnia.(t ai\ti:riai.s — 
Fiimnrs MATianAi.s — Silk -- Tjaiimal 


8- — Dairy by-products and residues. 

Tin* hy irrodne-ti of most. iiiipm*tane-e ln)th in hnlk and in the use to 
which it IS j)nt is skimmed milk, wliich has prov(‘(i to In* a- vray valuable 
food for youno’ animals in conjunction with (*attlc cakes which supply 
the fats reniov(*d from the milk. 

It is hoAvevei' used by man both with ami without his knowledgr*, 
as it is frauduh'iitly sohl as whoh* milk ora(hir*d to such milk instead 
of Avat(*r. 

Skimmerl milk is used to make a })oor kind ol c,he(*se ami in the 
j)re])ara1 ion of fermi‘nt(‘d foods such as yoghourt, kephir, etc. 

It ('ontains about 40 gm. of (*asein and 40 gm. of lactose per litre. 

It is also used in the preparation of various fermented SAV(*eteiied 
rlrinks called ‘Mnilk lemonarles ” (Molkenlimonarle), milk foam etc. A 
methoil of treating skimmed milk consists in curdling it by pressure or 
with an acid amM h<*n adding sugar to tin* se])aFaterl wln*y, finally 
passing in (*arbon dioxide. In this way a rrdTesliing ami ])alatable 
drink is obtained. 

« 


(1) Cf. Dills, L, o]) cit jj 214 . and ,sr|. 
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Other products made ^vith whey in (Germany diiriu^* tlie war were 
those knowm as ‘M)r. Eichloff’s Fleischersalz ” and ‘‘Pyrnionter Xahr- 
wiirze 


9. - Blood. 


The blood derived Iroin the slauiihlia' lioiiNcs is an ollal wliieli is 
employed in e(Mtaiii eases not onlv as a. live sloek ieeil and as ; IVrIiliser 
but also as limnan food 

Pigs’ blood and Lhe blood, ol ponlhy are ns(‘d enlirely lor limnan 
ioodybnt little use for this purpose- was inadi^ (d the blood (d‘ ninnnanls 
or horses till the. war. Then owing to the shortage (d‘ animal food the 
blood ot slaiig’liteiiMl animals ol all kinds b(H*ame iiiueh more larui'ly 
used as food, whetlie.r alter rooking, oi* by extraelioii ol the serum 
tor diffenml purposes as will b(‘ ex[)lain<Mi furl lier on. l\b‘an( nne ii is 
worth remarking that tin* blood ol (‘.attU has a lood value m^arly 
ecpial to that of laud' of piiim^ (piality. 

Blood senroi was trii^d in Italy dio'ing tlu^ war bn’ human 'ood : 
srruof bread (s(*<‘ j). oP) was ma.d(‘ at IVlilaaL and at Reggio Emilia the 
('omilnio pet la dhviplma del vonsatui in IP17-1S intiodiiei'd this serum 
sueee.ssfnll;^ into the eoniponents (d soup past(‘s as a subslitnti* for eggN. 

Smairn is also usi^d inst(‘ad of wat(‘r in kneading biu-ad in I lie pro- 
tiortion of one* jiart ol serum to thiee parts (d‘ Hour. 

For tin* manufae-t lire ol serum on a ('.omimueial scale. Al'IANA (J ), 
advis(‘S detibrinat ing the 1)lood by whip]iing immediatidy aflcu eollei*- 
iion : tlnm subjeeling it to e.mitrifugal aetion. 

From a full grown ox 25 to .‘30 lilri^s ol blood yiidding 15 loLMl lilies 
of S(‘runi may be. obtained, each lih’e (d serum c.ontmning 75 gin. of 
protidn matt(‘r in a dry stat(‘, i. e. as muidi as 1 5 i^ggs contain together. 

Serum may also b(‘ used for e,akes and other food |)rodu(ds (maca- 
roni (de..). 

Jlorse blood, acc-ordiug to Linjiet (2), may (m* lri‘ated in tin* same. 
May as blood of cattle, and its serum can r(‘pla(*e while oi i^gg, as it. 
conlaiTis 10 of coagnlat.ed albuminoid, i. e. 2 ^y^, mori^ Ilian eggs. 
The blood is ('()ll(‘(ded with the necessary attention to hygienic r(‘(piii‘<‘ 
nieiiis, the libre extraide-d by whipi»ing, and the serum then allowed 
to sidtle so as to separate tin* gloluiles. It ean also be subject i‘d to 
ccuitrifugal action. Food made with this serum had an i‘xe(*.llen1 ta^t<‘. 
The. diffeiTnce between its priei*. and that of white (d (\gg wa^ very 
considerable. 

Bleeding a liorse. pro(iue(‘d 20 li1i(*s of blood yi(*lding 10 lilr(*N ol 
serum equivalent to 200 eggs. 

To obtain seruiy the blood of any slaugiitered atiimal can be* iise.d, 
but it may be noted that tln^ sidtling of tin ghdniles in the seium ol 


(1) Uf Altana, Dr Cr* in liulvstrK Italmu* ///?/, s/Hf/f, ypar IV, -loclion J), 7. 

Milan, 1920, p 2.^, 

(2) Cf Cofnptrs rviiJu,'* (h' IWcad^ntir d'A()rtrultnr‘‘ dv 'i nl IV , X'l 29. -i. 1 i^l S. 
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tile blood of sheep or eat1h‘ or other ruiiiinaiilR takes lontrer than in 
the serum oi‘ horse* blood, * 

To make* the feilloAvinj*’ slat.eme‘]it e*,omplete it may be aelded that 
the* albumen of eoai»'nla1ed blooel ke‘e*j)S for some meintlis in chlorotorrn 
wateo' eoiitainiii^ 0.5 e)f rminalim* soJutiem. The chloiine that (dings 
lo this albumin is easy to re*mov(* (1). 

W hole* bl(HMl e*oagulat(*rl by ]ie‘aling also ke*4*ps a lemg lime* in a 
I'ornialine* sediilion. A huge* aildition of sugar has also a jue^sen’vative^ 
aetiori, but for a shorter time*. 

lvv])e*j‘inie‘nl s made^ with dogs have* j>ro\'e‘d that, lornialin taken 
mto the* hvste'in is le*ss injuj‘ious than is supiiosetl : only 0.0 % e)i the*, 
foimalin see absorbe‘d in Ihe^ ease* of dogs and meui has beeui found in 
the* urine* : all the* re*st has be*e*n oxidise*d during dige*sfion. 

The* blood may be*. ])r(‘s«‘rveel for some* \v(*e*ks by adding borie or 
salie\ lie lee'id : it (*annot I h(*n be us(*d diicetly for human food, but its 
allmmin may be* so use*el in coagulated lorni ])rej)aie‘el as usual. 

The* only way to k(*ei) blood so that it may lie* imme‘.diale*]y anel 
dire'ctly use*d, for liuman feeod is by a huge* adelition e)l sugar. 

Aee'oreling lo M. Svlkovv.ski, chloride* ed' methyl might )>e‘ useel 
sue*e‘t*ssfully lo ]>re*se*rv(* bloehb in the* same* way as it is .ise*d to })re‘Se*rve^ 
milk. 


10. Meat substitutes. 


Few pe*e)ple* e an be* leeimel to believe* it peissible* 1 e) ])reMlue*e* bv maiiii- 
faeduie* anything de*se*rving the* name* of a r(*al substitute* for meat : 
ye*t eliiring the* war in the* (Vnti’al hhii[U'*e*s the*re ap|)e‘are*,d aine)ng the* 
innume*iable* foeal substitutes two me‘at siil)st it ute*s e*alle‘el Wurst ” 
(sausage*) ami ‘‘ Selmitze*! " (e*aitlel). The*se e*e)nsisteel of a mixture eif 
pedal oe*s anel ye*ast e*>onibineel by an ainor|)hoiJs substance (iiaste) 
se*asone*el witli a lit tle* j)e‘pi)e‘r and eedonre*d by a e*oh)iiring malfe*r 
e*xlrae*U*d Ireun e*oal-tar (2). 

A substitute* mue*h nieere* ne‘arJy re*se*mbling meat than tJie*sei was 
erne* obtaine*el by tre‘ating bhiod with e*hloriele* e)t lime* anel oxygenateel 
wate‘i, whieli was ealled in (le*rmaTiy “ FIe*ise‘lu*rsatz ” (me‘at -substi- 
tute) ami '' SpaTile*ise*h ” (eeemomy^ me‘at ) (3). Hut this ele)e*.s not seem 
to have hael a si)e*e*ial imjieirtanee, as it is sim]de‘T ami more eonvenient 
to use* bhieiel as human loeiel wilhemt preliminary transtormation. 

With jre‘sh bone*s e.eentaining apj)roxiinale*ly 50 \vate*r, 15 % fats, 
12 % of nilre>ge*nems sul)stan(*e*s anel 22 % of asli, th(*re was maete in 
(ieuinany anel Denmark an (*xtraet solel nneler the name of ‘‘ Fleisch- 
(‘xtrae't. ” (meat e*xtrael) and of Knoehe*nbru]K‘rze*ugnisse ” (bone 
e*xtrae1s) taking Mp* tenin ofa. poAveler or a partially sobd paste. A mi- 

(1) (vf JSAiiKowsKJ, E, in Biochemiftcht’ Zeilachrift^ No 71,1915 — SiiiiiinaT isod in Zm/- 
uchnft fitr IJntdrsarJiHmj dvr Nahrumjs- and vol 32, 191 ti. 

12) Of M ]M ANSKKiA), Fleiscaior.salzmittol, in Berichtv drr V\i tfrfm<ihwu)»(itistn It den align - 
in< i‘Hf n Orstnrreichif^ hen Apotfu kcr- \ < rf'itu'j* 1913-191.5. — in Zritnchfift fUp' 

Tln^iTsuchung dir Xahrumj» und 15 April 1910 

(3) Fh<iimuizt niiiichi Zi ntralblaii^ vol 57, 19iei 
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trient “ Nahrpniparat ma«U' Ironi this contaiiiod 0.02 watw, 
26.76 % nitrogenoiw siibsl anot-s, 2.03 % fals, 57.2 .ish, .'52. .51 % linn- 
and 23.97 % of phosj)liorio acid. 

“ Knochoiibruli-Wurfel ” (l)om*-c.xlract cubes) Avort‘ also pre- 
pared (1). 

The best meat substitutes of \e^elabl<‘ ori;;'iii ar(^ tliost* pre[)ai(*(l 
with dry yeast: when (piite rby these eoulaiu oO ‘V, of nitrogenous 
matter. 

As other vc^tiel able* meat j?nbst it utes, Iheie may \}v naailioiKMl pc^a 
and bean iiour, “ I*(lan/<Mitl(Mse,hersatz ’’ (/. r. \e^e1able meat-suhst i- 
Tute) (2). 


11. — Substitutes for table oils. 

The oils vvln^lher for talile use oj‘ other\\is(‘ that ean be ohlaiiied 
frojn llie \arious \\as1e maXiaials will bl^ detailed in l*a,rl IV. Ibae 
jiienliou will oJily be made oj a substiluli* for saJad oil illust laliin; 
the exltmt. lo which tlu‘ nianufaeturc* of food stuff subsli(nli‘s Mas eui- 
i kmI hy t lie (\uitj al Kmj)ir(‘s. 

In (f(*rmaiiy there Mas manufa<*t iiriMl Irom the nmeila^e of le, in- 
land moss {('elrario nnujijcri na) a mixture e,alle<l ‘ Salathilfe (iloria 
(d which the coin})on(‘ut parts wer(‘ this jmuala^e, poMalei(‘d yolk (d 
e^’^, benzoic acid, a ycdloM c.olourmi»’ mall(*r and eonunon salt (3). 

Tn I 9 J 0 -IO t Inue appeared on the Austrian markids a munhi*)- of 
so-called sahnl oil sulistitides (“ SalatoleiMS.satz ”, Salatel ”, Salatdl ”, 
etc.), comjiosed of an aipieons solution of mucjla^t‘ o) lichen preserv- 
ed M'ith boric acad and coloined yellow with an extraid of coal tar (1). 

Jn Ixjth cases then the mixtun‘S contained no fatty subslaiices 
and tlK‘y mi^ht 1 luaidoji' be re^ard<‘d as Irainluleid. 

The\ were ho\ve\(‘r so miudi in demand that 12 Kioneii a litre 
was jiaid for tluan thoutih tlieir real value was notr more than 50 hel- 
ler a litre. 


<1^ Cf i)r. Fji KljHas. Hi znr K t ixf-str/ 1 1‘>' koft, 1'a.rt J'J. Dii' N.^linml Oilvrrlojluii^^ 

im KruiK<' Uoilm, 1918 , 

(2) C'f Z< it-ichrift iu! iJntrrfiUf finDif fhr Xthrumj'i- mof (ft miss fulfil t, vnl ;5‘l, J917 
t'J) Cf A nr,YTH])-.N .iiifl (ithtsr .‘nilhoiN. Mil aus ilc'r I'rdvi^ (i»'S ctibiii, 

t-'iitersurhungbuniLcis tier Studt Dn'stlen, m Z< it'i' hrift fui IJ nfi rsnrhinof ilvr Xnlirufit/s- und 
^^Cniiss-mitfc/, \ ol .'12, J91(> 

(4) 2Iamskkt.T), Oi'l-Er^ni zinii 1 *'1, iu li'nrfit dir I ^tiir i surhuiufsonstn/l df.'i lUgititri- 
titii Ot ^tirn n'/usrhi fi Apothikir l>rf//Ks, X'lojiiia, lU'p! di luccrl i\\ Z< ifsohrift / 

Untcfsiti /ii(Hfj (Or Xohnmifs- imd mis\nnttf h vul ‘{3, 191 7 
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II. — FEED FOR LIVE STOCK 


1. — Straw, Husks and Pods. 


Tin* Htraw oj (cnals ranks with iorafii* llial is jiooirsl in aUminin 
and ric.lnssl in riialo lihre (_1 ). Spring rerrals, (avin;^ 1o llieir sliort 
growth (‘yclr., givr. bcdler straw tJiaii wintca* ('rrcals. 

Slubhlo slra^^ IxMiig nii^rd with wcxmIs is a IxdttM’ loragv than 
pure straw. \ 

Tin* straw af Irfivminous plants is imu li more luitritioiis than tlia\ 
ol'ceae.iils, and is eomparcMl by to (‘lo\ er hay (d average quality,' 

])ut siuee it^ is for t/he most part eoai'se, rather llavoiirless, and oft«*n 
must y, horsc^s dislike it , so ( hat it ean <)nl> 1)(‘ ns(‘(l as a sniiideim^nt ary 
leed for eattle and she(‘]». 

Among tJie leguminous straws suila))h‘ bn' In* feeding td‘ hve- 
stioek may be mentioned the straAv of tin* gai'dt bean, hors(‘ b(‘an, 
veteh, lupin, ehiekj)ea, soy-bean, ete. (2). 

Straw' is also produced by oth<‘r sjieeies of ]»lants, i‘ai)e, colza, 
sesame, eaiiudina, poi»py, bnckwh(*at, caraway, anise, fennel, coriander, 
Kuntlower (3), etc. 

Pca-sU'aw is a good food lor cattle, as has b(M‘n shown by ex])(‘ri- 
nients mad(‘. at tlu‘ Agricultural Station of Washington, I'uited States. 
Tt c>an b(‘ U*d (‘it her aloin*, or mixed with huannc hay, or maiz(* silage. 
It was giv(‘n to fully-grow^n (*atth‘ at tin* rale o)' 7.9 oi’ 10 lbs. per day 
and i)er head. From these (experiments, it a]>peais that th(‘ value ol 
j)oa-straw is about 30 % l(*ss than that of lucerne straw (4). 

Pea-straw is one of the best leguminous straws (5), and was used 
like (d hers in Germany during I he War in the form of forage meal. 
It contains accoi'ding to' Ki.tng : water 11.2 % — crude protein 

7.5 % — crude fat- 1.1 — N-free exliacls 39.2 % — crude fibre 

35.5 % — crude ash 5.5 %. 

Horse-bean straw. — 11 harvested when still green, this straw' 
may be com])are(l with a ratluu' inlericu- hay ; its ^ alu(‘ is greatly re- 
duced if it is alloANed to turn yellow and dr\ liy sUinding (4). In the 
first (‘.ase^, it contains : w^ati^r 10.5 % — crude protein 12.0 % — 

(1) Cf (t Kkj^lni!.i:, rrim'ififft fvndawvntuux de Valimfntution du bilatl, Liliriuir 
Uergur-Lov ruiilt, Puri^, mil, p 12n 

C'f. also ('h Oounkvin, Oc.s liisidus Tndnt>tiifh darns I' Alim' ntution du Bitail, Pans, 
rirniiii-Thdot ct (\ 

(2) M, .A CitosuY, Tluj utilization of Pea-caimtiry refuse for forage, T^. S. Dc}». nf 
Agr. Bur. oj J*lant Ind Circular, No 45. WashiiiErlon, 1910. 

(‘1) Detailed information regaiding till tlieso strawg will bo found in IManual of StoeU- 
Feoding, E 1’ott’s, p ‘194 et sqq (ital ed 1*3 vol , Torino, 1907) 

..(4) Of. Brifdcm' Gazette, vol. 77, No. 1.5, Chicago, 1920 

(5) Uf. Kling. Dr Max. Ih'e KriegsfiiUcrmittft IStidtizart, 1918, E Ulmer, p. 52, 
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erude fats 1.6 % — N-l'ree extracts .ll.i % — crude cellulose 
29.3 % — crude a^h 14.8 %. 

lUee straw is geneially used ioj- biM'n^ not \ery ^ood as a 

stock feed, altlum^di it can be iinicb inipru\cd if it is dried directly 
after the harvest and put in the silo with halt-dried pass. After 
about one month in the silo, it can be fetl mixed with coneenirates. 
This silap> keejis for several months (11. 

Fotato hauhns (2). — When tluNse art* still pi*en, they make* 
fair fora PS but lose much of their value as soon as they be^in to turn 
yellow, and become worthless if allowed to become dry by slandin^. 
Tn many places, potato haulms are rej^arih'd as pract leally useless, 
and are left to rot on the ground or at best thrown on the manure- 
heap. r)Lirinj2: the war however they were turned to bett(‘r account, 
especially in Germany, where enormous (juantilies are j)rodue(‘d. 

It should, how(‘\er, be j‘eniark(‘d that th(*se stejjis cannot b(* fed 
p'ecn to live stock, as the animals vvonhl n*fns*‘ th(*ni, but recpiire In 
be silapMi or dried in the air. A(‘.e.ordin.i' to 3 analys(‘s by Dr. JVlr.vKn, 
liotato haulms contain; water K.b — crude i)rol(*in 13.7 — 

crude fat. 13.9 % — X-frec extrads 3S.1 % — (‘i iidc librt* 17.8 % — 
crude ash 18.9 '*o. 

When pv(ui (‘xperim(‘ntally to dairy cows and sh(*(*in sit rate of 
4-6 kf^. per head per dsjy tin* digestibility coctlicit‘n1 s id tli(‘se haulms 
were sis follows : oraanie nnittei* 91 — (‘indc* |n*oU*in 37 — 

f;it 53 % — N fret* extjacts (i8 — I'lnde tdne tUi ‘3, — stsireli 

value 31-30. 

Ground iiotato leaves maki* a pnal pi;i feed. 

Flax stems. — Tlnxsi* ar(‘ the stsilks of llsix sifti*]* tiu* Iesiv(‘s lune- 
been removed, Idiey sire nsel(‘ss sis si stock feed, lo^ tli(*> an* #^(*n(‘rsilly 
refused by the animsils, and silso tlieii* crndi* librt* conicnl reduces 
their nutritive value sibnost to nil. They con lain, according to Fl].- 
KEU (3) ; w'siter 11.0 — crude jirotein 2.3 — crude fat 0.0 % 
— N. free (*xtraets 21.4 — ci*inlc libre 02.8 “o — crinU* ash 

1-3 %. 

The Hiislcs aie generally richer tlisin the corn*spondint’ strsnv. 
The best cereal husks sire those of osits and barley, af((*r whi(‘h (ajitu* 
wheat husks ; rye husks an* \ (*ry indip*stible. wlnh* tin* husks of rice 
and of millet haA e no silinientary vsilu(\ 

Ilusks should silw^ays be boiled befon* bein^ fed to stock, as 
amonpt other reasons the heat destroys tin* spores of inpirious 
iuicro-organisms such as Acthiomyces bori. 

The crude fibre of tlje husks is more oi less mixed with investing 
*^ubstances ; it is digested more easily by sheej) than by pigs whieli do 
better on fibre that is but little lignilied. Tin* bettei digestion of crude 
fibre by sheep is probably due to the fact that r«minants grind U}) 
the husks more thoroughly during mastication and rumination. Awhile 

(1) Of, Klinc, Dr. AU Op. cit , p. IS, 

(2) Of. Jl ffiornalc dt HimeoUma, vol. X, No 9, Vorcrlli. 1920. 

(3) Of. KliIng, Dr. M. Op cit , p. 52. 
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the food undergoes mor(‘, intense fermentation in their digestive sys- 
tem (1). 

Tlie Pods of y)eas, vetches, garden beans and lupins have tl)e same 
food value as inferior red clover or meadow hay of ordinary quality. 
Lentil aiid clover ])ods have a higher foo<l value. The pods of colza, 
carnelina, mustard and buckwheat and the capsules of tlax are less 
digestible than cereal husks. Ground-nut pods and the “ hulls ” of 
(‘Utfec^-beans, to which reference will be made later, have hardly any 
food va.lu(‘. 

Gard(ui bean p(Kls were used as a forage in Germany during the 
war, esp(u*ially for ])igs ; they must not, be fed in large quantities as 
they indu(a‘ constipation. ! 

11()N(UMP gav(‘, th(‘S*^ pods to a lamb in order to determine theiri 
digestibility ; ihe it^sulls obtained were as follows : 80.2 % of the or -I 
ganic matt tu, 70.5 % of the crude protein, 72.0 % of the fats, 80.5 % \ 
of the N-r»ce exiiacts and 04.5 % of tlie (rude fibre was available. ' 
It should be obscrvcMl tliat although tluuc' were huge, quantities of 
crude liluc [)resent, ils digesti bilily was fairly high. The percentage 
comi)osition of th(‘ Ix^an jxhIs and bran (l)y prr)duc1s obtain(‘d by 
grinding) is as follow s ; 



(f.iirlcii brim 

bean 


po(U 

bran 

AVtilC’i' 

lu r> - 

10.1 % 

( ^ruclo 

10 1 

1.3 7 

Fals 

(► 7 

1 8 

N frt3o exlraetH 

ITj 4 

f)2.5 

Ciiifle cellulo'^i' 

30 2 

18.2 

ApIi 

3.1 

3 7 


Mach (2) suggesis that the large quanti1i(‘S of pea-pods forming 
the residues from vegetable canning fa(*tories could be dried and made 
into a stock -feed. When dry, these pods c,ontaiii : water 14 % — 
cruder protein 1 1.8 % — crude fat 0.9 % — ^-free extracts 50.6 % 
— crude fibre 15 % — crude ash 4.7 % Tlu^ starch value of the 
freshpods is 8.4, and that of the dried pods is 45-46 (8). These pods 
are especially suited for cattle and pigs. 

Air-dried Ground-nut pods (4) contain 89.08 parts of dry matter : 
2.6 parts ernde juotein — 2.9 ]»arts fat — 7.2 jjarts N-free extracts — 
2 ])arts fibre and 14.7 parts organic matter. As has been already said, 

(1) Cf, Ih'e. Landw. Vernuchf<-SliJli<mr7i^ Vol LXXXlll, T’urtH ;t-4. Berlin, 1913. 

(2) (^f. Lundu'iribchdftlirht Vrtiitic, >io. 43, Berlin, 19H>. 

CO Cf Kltni;, Dr Max Op eil., p 24, 12t. 

(4) Cf. r'KiiiuciiA Dr A., l^rodotti deirAnichide c loro utiliz/a/ione, in L'Agric. Colon. ^ 
No. .3, I’lronze. 1923, p. 97 
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they haye no food value but were sold liiiely ground diirino' tlie war 
in Germany und^r the name of ^Toun<linit bran (“ Erdiinsslc](‘ie ’’) 
at 24 marlcs per kg. 100. According to Kkm.nkk, tJie digestibility 
coefficients oT this substance are as follows: crude i>rntein ,‘U) % — 
fat 96 % — N-froe extracts 39 — crude blue — starch 

value 0.1. 

“ Lletl bran ” and “ lat bran arc rictu'r ju'odiicts obtained frenn the 
ground-nut -oil industry. The first is mad(‘ Ironi th(‘ integuments of 
the seed, which are. remo\ed ])y sonu‘ manufaclurtus in ordiu’ to ])roduce 
a finer oil. For the sam(‘ reason, and to secure a very while j)roduct, 
the germs are removjal from the seeds. Tlu‘ nutjitne vahii* of this 
rciS'duos is \ejy high ; if the bran is ]uire, the nitjogtai content may be 
as much as 24 % inul tlu^ fat content 20 

Colfee livlls are a mixture of the outer inlcguimaits (90 %) and 
the inmu* integuments (10 %) of the seeds. ThcA arc* used in (lc‘iniany 
for the ])reparation ol a molasscvs tecal, and contain a large* anumnt of 
fibre (Tl.Tti ^y^). W hem air-dried, their dry matte*) e*onte*nl is 88.73 % : 
crude x>*‘o1e*in 0.2 % — traces of fat — 2.t) fre‘<* extracts, — 7.8 % 
organic* mattcu — 10.0 crude fibre*. 

Coffee hulls, like ])C‘anut x>ods, e*an be use‘d for lue*l (1). 

(UiedO hulls. — Are also unsuitable^ foi* a slock re‘cd, ami may 
b(‘ coni])are*d to the* stiaw of winte*!* e*(U’e‘als. 

WTiem air-dried, tlu*y contain 90.93^},, dry matte*)- e*om])oseel of : 
0.7 crude ])rote‘in — 0.9 fat — 22.1 "N l)e*e 4‘xttacts — 
2.8 crude* fibre and 32.5 % organic*, mat t e*r ( 1 ). 

1)K MatjiNKFf’s analysis is howeve*!* somewhat dilTe‘remt being: 
wate‘r 13.21 % — nitrogeuious matte*r 11.08 — fats 2.9% — IV-iree^ 

extracts l(i.71 % — fibres 10.03» — niine*ral substane*es 10.04 %. 

ANMieui the* e*.aeao hulls have not, undergone* any alte*jation, th(*y 
e'aii be* soaked in wate*!’ and adel(‘d t-o the* basic* ration ed' e*ow'S 
in e)uantitie‘s of 0.0 to 1 kg. jier day (2). ('acao hulls (the* j)(*ri- 
s|)e*rm of these*e*el) have* also be*e*jj e*.xamine*el at the* JVIunie*i])al Fabora- 
1e»ry of Le Mans (France) with the re‘sult that they are considered 
dange‘i‘ous, especially for liorse*s etc., on ae'count ed the* 1 he*obre)mine they 
etonlain. On t.he^ other hand, if the* e*acao-liulls are* lre*e*el ti’oni the e^x- 
tractive substance^s (with a vie*w to the* x)re‘])ai'a1ion e)f the‘obromine 
anel of extracts tor use* in coule.ctie)ne*ry and tlie nianulact lire of malt 
coffee) the*y liave* no loiig(‘r any food value* (3). 

llorsc-poisoning by cacao hulls has also be‘e*n re]K)r1ed by Fonzk8- 
Diacon : a ration of 700 of the*se hulks contains 0.7 % theobromine, 
a substance* by which henses are easily affect ed (J). 

Cacao hulls, wTie‘n fed by Kuuiakdskn to dairy e*.e)ws in a compara- 
tive e.xperime*nt, at the rate of four parts in 10,000 of live weight 
decr(*aseel the milk yi(*lel about 15 %, as couijiaie^l with the^ amount 
obtained by feeding bailey. 

(1) Cf. J. FmTsrH. Op. cit,, p. 226. 

(2) Cf P llAzor'? /)p cit , p, .‘Cr’l • 

(3) Cf. Annahft dea FalJii/icatioitu ct dta Fraudrs^ YeurXHJ, Nos ril-):)2. Pans, 1 DID. 

(4) Ibidem, Year XIll, No. l.fS-Kle; Pans, 11)26 • 
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the sale of pure flour of cacao hulls is forbichleu in* Ger- 
many (1), to prevent its use in adulteration of human food, it is 
now mixed either with straw or hay (3 parts), or with cereal or 
buckwheat luisks (5 i)arts) and in this form can be sold for feeding 
live-stock. 

For ruminants, the digestibility of the crude protein in cacao hulls 
is only 15 %, whereas the availability of the fat is 84 % and that of 
the i^-free. extracts and crude fibre 48 % and 21 % respectively. The 
starch value is 34, so these hulls can ]w compared to meadow hay. 

Sin(;(‘ cacatJ-hulls cause constipation, they must l)(‘ fed sparingly 
and mixed with molasses. 

Their chemical composition according to Klinci is as follow's : | 


Wator 

(^rude . 

Grudfi far . - 
N-freo oxfrarls 
Crudo 111)1-0. 

Ash 


n.7 % 
ir> 1 

2 I 
4:{ 7 
17 4 
S 7 


In Germany, during tho w ar, a sto(^k feed called K kaomassi^ ” w as 
put. on the market. It consisted of a mixture of cacao hulls with the 
residues of the scmmI iiself and a liltle straw’, and contained accoi'ding 
to Kltno : water 12.4 % — crude protein 248. — ernde fat 

3 % — .N-frec' extracts 10 % — crude fibre 0.0 — mineial subs- 
tances 40.2 %. 

A recent series of experiments made at the Isttiufo Z(Hjteomco di 
Lucento (Lueento Stock -Breeding Institute), Turin, by th(‘ Director 
Prof. V. Vezzani (2) have shown that: 

1) Th(‘. hulls of (iacao are readily ealeii by jiigs, j)rovide,d they 
are fed in small amount s 5-0 %. 

2) Tliey give a jileasaiit flavour of eliociolate to the ration. 

3) Given in the above (piantities, they do not in any way 
hinder the increase in live-weight , or the fattening of young jugs. 

4) If cacao hulls form more than 10-12 7o ration, they 

produce distaste and nausea, wdiile if the amount is inereased to 16 % 
and over, serious disturbances of the digestive system and even death 
result. The subiect. however ks worth further investigation, for there 
was nothing to show that the death of the pigs used in these experi- 
ments was due to theobromine. 

The author suggests that, as a matter of precaution, pigs rations 
should never contain more than 5-6 % of cacao hulls which ought 
to be chiefly used to improve the flavmur of other foods and make them 
more appetising. 


(1) 1) Kt.inw, Dr Max, o]> cit, p 47 ; 2) Berliner Tierdrztliche WochenRchrift, Year 38, 
p. 333. Herliii, 1022. 

(2V V. Vkzzani L’uflO alinioiitare dullp hucce di cacao noil aliimiitaziono dei suini. Jst. 
zoot. di Lucento (Turin). 1922. — Soe also, Eberhard, Berliner Tierdrztliche Wochenachrift . 
Year ‘38. No. 29. Uerliii, 1922. 
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The Pods of the unld radish, or white charlock (Eaphanus Kapha- 
nistrum) (lij?. 1) ^feqiiently occur in wheat sciecnings. Acccndin;? io 
Kling, their nutritive value is 40 of that of a, frood fora^^i^ ])arley. 
They are ^^ood for cal tie and horses but are unsuilable foi- swine. 
These pods contain: water 0.90 — crude i)rotein 10 — fats 

0.78 % — N-free extracts 43.32 % — crude libre 30.40 — ash 

2.60 % (1). 

In (ierinany, some of the residues of tins ordei- ha\e been uscal in 
])rej>arin»: (‘-oinimund fe(*ds, smdi as (2): 

a) Husks of spelt <rround and mixed \siih aelaline, buekAvheat 
flour and eondimenis. Tludr nitrogenous subslaiu'cs ar(‘ faijly di- 
i^eslible, bid the availabilily of the other eomponenis is below 4 %. 

iSpelt luisks are p:round and sold in 
(lermany under the naim^s of Sjielz- 
spreumehr’, ‘'v^pclzmehl”, oi Futier- 
leinmehl From 3 analyst's of this 
product th(‘ followinjj: averaf>:(‘S havt* 
b(*en obt aim'd : water 8.0 % — cTude 
protein 3.2 — crude fat 0.80 % — 

N-free extracts 45.8 — crude fibre' 

34.8 — mim'ial subslaiices 7 

The di;;estibilily of thest' husks is very 
low and is not improved by p'iiidin^. 

They cause irritation of the oesoiiha,i:us 
ami cou^hinii in horse's luit t hese troidiles 
can be jirevented by fee'elin^ the' husks 
as a hot mash (3). 

h) Inroluercs of seeds of sugar-heei. 

— These are very rich in non-di^e*slibJe 
e*e*llulose ami are unsuitable' feir live*- 

Ste>ck — Wild raditsh. 



e) O round pods of beans (amt other 
teguminosae). — These cemtaiii a lar^e* 
ameiunt eif ne)n-eljo-e*stible‘ libre. As a 
rule', the poels ed le'^umineisae* have a 


Fnun Dr A, Fioiu Icdiid'ji ii (tliin I'lo- 
lao-Jtal 

ceimjieisilion anel availability 


similar to those eif the straw of these jilants, but they (‘ontain a little 
leiss libre, ami a little more [irotein. Their pe'icenta^ie ceimiieisition, 


aceMirelin^- to (IrjLLiiv, is as folleiws: wader 11.70 — prote'in 0.08 % 

— fat 0.34 % — carbohydrates 43.22 % — libre 34.84 % — mine^ral 
substances 3.10 %. 

Finely f^round edover ami lue*e'rne^ liay e*e)ntain from 7 to 8 % 
cruele protein, of which about one half is eli^mstible (4). 


The Pods of the giiango (Inga Sarnan) lia' e be'cii used in experi- 


(1) Cf LanUw Jahrhurh fur Haifofi, \i» 11-1:? Munich, lyiti 

(2) e'f, I>ii Tjiiihda'irtsrhaftlifhvn Vcravch.y-Stftiiutu n, vol X(’VU, I'nirtM .lai, 1(09: 
Vol XC’VIl, 1020 

('l) KLiNfi, Ur Mais Oj) cit , CJhajit IJ, |» 40 ^ 

(4) Of. A. Mknozzi and V Xirroi.i, AlnnnUazvmt' d(,I Milan, }r(»oj)li 1910, 

p. 219 ' , 
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ments in Jamaica, 15.5 to 26.5 lbs per head per day having been fed 
to cows without any bad results. • 

These pods ar(^ v(*ry rich in sugar and are astringent, fermenting 
readily. Tlu^y are l<‘d mixed with maize stalks, or gvango bagasse, 
the wdiole mixture being first dried for several lioiirs ati 05. 5*^ C (1). 

Integuments o/ cotton seeds. — These ccjnsist of the seed coat 
which is separated from tlie albumin before the extraction of oil. 
They are usc^d ground, as a stn(ik-fc(Ml, ierliliseT, or for fuel. 

Integuments oj horse beans (2). — Thes(» ar(^ separatiMl from the 
albumen in tlie factories making dried vc^getables for sou]>s. They 
are mixed with th(^ embryos and ground ; the bran thus obtained is; 
an excellent feed, (‘specially for dairy (*.ows and ])igs. Only a small* 
quantity should liowex cu- b(‘ givam to jiigs as tln^ int(‘guments contain \ 
oxalic, acid. Tlnli* av(‘rag(‘ cimtent is: dry matl(U’ 89.8 % — nitro- ' 
genoiis maitier 45 fat 1.4 % — N-fr(‘e extracts Pi7 7,, crude 
fibre 44.8 7o — ash 2.L %. 

Buckwheat residues (2). — lUickvvlnait bran consists of the 
hulls, seed integu ments and enihryos, jdus the- ])articles (d hour. It 
is a feed of littb' value. J>uckwh(*.al. forag(wn(Ml without tlie hidls 
is much more nutritious, as it c.onsists chietly of < mbryos and the 
seed tlour. It. may contain : diy matter 87 % — nitrog(‘uous 
substances 20.6 ■ crud(‘ fat 5.2 % — N-fiv(‘ extracts 55.4 % — 

crude libre 2.8 ash 3 %. It is excellent, (‘spc^cially for swine, 

draught -horses and poultry, but should always by ied in moderation : 

its exc(‘ssiv(‘ use induces the disease (tailed 
fagopyrism 

Acu'.onling t-o FIon(JAM 1» and llLA>"rK (3) 
the folh^wing j)(‘rc(‘ntages were obtained 
from a dig(‘.stibility experiment carried 
out on sh(^.e]) with buckwheat integuments : 
crude protein (i.O % — fats 100 % — 
A'-fr(M* extracts 24.7 % — crude libre 
8.3 % — stareli value of airdried integu- 
ments : 2 kg. ])(‘r 100 kg. — digc^stible 
albumen 0.4 %. This residue is thus of 
little Aailue as a food. lloiNCAMP and 
BnAN(JK found its dry matt(U‘ contains : 
crude protein 3.0 % — crude fat 3.0 % — 
X-free extracds 45.7 % — crude libre 
48.9 % — mineral substances 1.3 %. 

Pods of hlavk med/icago (J^ledicago In- 
pulina) (fig. 2) (4). — In G(‘rmany, tlics(^ 
w(»re put on th<‘ markd. as a war st ock-feed 



I'’io 2 — Black Medicago. 
Vrom Ur. A. FjOiti. op cit. 


( I ) (Jf. I'lir Join nff( 0/ thr Jornaico Agricultural Society, Vol XXIV, Nos ti 7 Kingn- 
ton. 1020 

(2) '(^f l‘OTi, K. Op ( it , A ‘»1 TII, ])]) 211-242 

(3) Cf Kiinu, Or Max Op cil , p 42 
(«?) Of Ki.ing, Dr Max Op. c-il , p 43. 
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(“ Kriegsfutterinittel *'). According to Honcamp and Blakck they 
contained: crude^ protein 16.7 % — pure albumen 16.1 % — crude 
fat 2.3 % — N-free extracts 46.9 % — crude fibre 26.3 ‘j;/— mineral 
substances 7.8 %. 

According to lliese autliorities, the following jicrceiil ages w(‘ie ob- 
tained from digestibility test s made on a sheei> : crude pi nt cm 49.9 % 
— fats 51 % — N-free extracts 47.1 — crude libre (>8.5 % — 

starch value of air-dried material 36.2 % — amount of digestible 
albumin 6.6 %. 

This may be compared to good m(‘a(lovv liay and used in tlie 
same manner. Only a little should be fed to swine, ami ne\er uncooked. 



FiJ. :i. — Common Sa\vv\orl 
Fimn J>r. \. Kioui, <i|) cit. 



Fn; 4 — Wild Uapo 
Fioin Hi A. I iOKi, op. nt. 


Husks of common sawwort {Serratula tinctoria L.) (fig. 3) (1), — 
This penumial Composita which is Ixdh a forage and a dye jilant, 
boars husks of the following eomposilion, as analysed by tin*. Agricul- 
tural Station of Kdslin : water 19.3 % — crude juotein 19.6 % — 
crude fat 2.4 % — pure protein 18.2 % (7.4 of whi(‘li is dig(%stible) 
— N-free extract 26.5 % — crude fibre 22.6 % — ash 9.0 % — starch 
value 30. These husks are compara))le as a feed to good red clover 
hay. Affer cooking they are esiiecially suitabh^ for milcJi cows and 
nursing-sows. 

Fods of wild rape {Brassica Napus oJtifrra L.) and of Wild 
Turnip {B. Rapa L.)(lig. 4) — These wen* of great* impoi taiice during 
the war, in Germany (2). The chemical comj)osition of wild ^ape 
pods is as follow's according to Honchamp and Blakck : crude protein 


(1) Cf. Kiano, Dr. Max. Op cit , p 44. 

(2) Cf Klino, Dr Max 0}» nt , p 43. 
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• 

11 % — pure protein 10.2 % — crude fat 8.5 % — 2^-free extracts 
39 % — crude fibre 25.8 % — pure ash 15.7 %.^ 

A dig(‘St.il)ility test carried out on a sheep gave : crude protein 
52.2 % — fat 80.2 % — N^-free extracts 63.4 % — crude fibre 
54.8 % — starch value 31.9 k^. per 100 kg. of air-dried material — 
digivstible albumin 4.3 Thus these j)ods are of more value than 
wheat husks. Jn many jdaces they are fed 1o horses instead of straw. 

Flax capsules. — These liave long be(‘n used, when ground, as 
a stock leed. 

During the war, a Teed was import<‘d from Holland into Germany, 
under the name of ground flax cajisules ”, or flax bran ”, though 
” flax husks” (“ Leinsju-eu ”) would have becm a more (‘nrreel appelj- 
lation. i 

KniN(i (1) nuule an analysis of a coarsely grounrl mixliire oA 
flax ca])SuU‘s with a lew leases ami stalks. \ 

According lo Ki.ulner, the ca[)sul(‘s contain : wat(‘i‘ 11.0 % — \ 
crude, protean 3.5 — crude fat 3.4 — >i-fr<*e extraeds 35 % — 

crude fibre*. 10.7 % — miiu*ral substances 5.8 % — dig(‘st.ibl(* albumin 
1 % — slarch value 17.7. 

Th(is<^ (;aj)sul(‘s have* abend the same value as cewal liusks. Wh( 3 n 
ground and mixed with boiled ])otate)es, they form a good [)ig food. 

Poppy cajtsules. — These* re»,sidue'.K, Avhie-h are dangerous because 
of the alkaloids t li(‘y contain, A\e*re‘ also sold as a f(a*d in Germany 
eluriiig t.he war. Sonudime's the capsule*.s alone were put. in the* market, 
at either times, tlH‘y weuc* mixed with mineral impuritJes, weed-seeds, 
aiiel oil facdory residiu‘s, but they we‘re usually sold under nanms that 
divSgiiised th<*ir true origin, suedi as : r(\sidues of oleaginous see‘ds (‘^ Oel- 
saat.abfalle* ”), bran of ol(‘aginous seeds (” Oelkleii^ ”) etc. 

Use jiroved these* residues to be poisonous. 

Iniegu menis of aconi. — The albuinin alone eif these seeds is em- 
ployed in the manufacture of cofl(*e, leaving as a residues tlie integu- 
memt.s, which wdien dried and ground liave* be*e*n re‘Comnif*nd(*d as a 
steieikteeel. 

Th(*ir percentage* ce)m])osit;iem aeicoreling to E. Muli.kk is as feil- 


low s : 

Wator 7.7% 

e^niflo }irf)tuin ;i.O 

(./rude futg 2.S 

N-froo o\t raids 414 

e>udi‘ libre . 41 S 

ejriide hkIi . 2 7 


Acorn-inte*.gunu‘nts lhe*refore have a vt*ry low' nutritive value as 
eiomj)are*,d with ceu-eal husks. 

Apricot and Peach kernels and Walnut shells. — Kling (2) 
analysed a fooel sold as a sub^^titute for cereal husks ; if. was a flour 
made eif apricot and peach kernels (82 %) and walnut shells (18 %) 

(f) Of. Kt.ixh, Dr. Max. Op <*it„ p 46 
j(2) e'f. Klim;, Ur Max, Up cit , p 4S. 
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It contained: water 9.6% — crude protein 4.6% — erndo fats 
1.5 % — N-free extracts 60.1 % — mule, tibre 22.2 % — mineral 
substances 2 %. 

This food may be ^dven to callle and horses but not to pi^s. Be- 
fore feeding, it should be well soaked in walei-, in outer to ininenl 
the presene.e of any hard ])ar1ieles that might cause alnasions in the 
digestive organs. 

Residues of sunflower heads. — After remoMiig the seeds, tin* large 
sunflower heads are generally thrown on the manu](‘ lieap. During 
the war, it was suggested in flermany tliat 1h(‘y might b(‘, used for 
liuman food, but as was only to be exi)eeltMl the> found iu> luirehaseis. 
They can howuwer be used as a stoek I’etMl. if drunl and ground, 
mixed with a little oil-eake or other substance' rich in ])rote'in. Sun- 
tlower heads can be^ silaged aft(‘r being chopiu'd, luil such silagi' soon 
decomposes rvhen once the silo is o])ened. 

According to l\LTlvn(l), these' residue's e'ontain : water 89 — 

crude i)rote‘iu 0.7 % — crude fat 0.4 % — ?s free' e'xtraeds 7.8 
(0.035 % tunnie' acid and 2.3 % sugar) — (uude tibre' 1,6 
asli 1 %. 

Sunfloweu' stems when c-hopjKMl anel tre'ate'el w it h sle'am tor 3 to 4 
hours can be satisfaedorily fed to })igs. The'ir iiutTitiAC value* is higheir 
than that of ce^re^al straw, as is she)wn by their e e)mi)osit iem : water 

7.8 % — cruele' preitein 9.(S — criieh' fat. 0.7 — N" fre'e* e'xtracts 

34.8 % — cruele* tibre* 33.8 — cruele* ash 13.1 

The thre*e fe)lle)wdng tables are taken fre)m l'e)TT (e)]). eit., Vol. II), 
who obtaineel the data from the re'sults of the analyses e)f various 
authors. 

Table 1 gives the* ave*rage perea*nt age*.s e)f the' nutritixe substance>s 
j>re3sent in some ordinary kinels of husk. Table* II gives the same elata 
for t/he })ods of eommem pulse plants. 


(1) e'f Ki.in(;, Dr Max, ()|i nl , p 



Table 1. — Percentages oj nutritive substances 
in different kinds of husks. 


Spcrle-^ 

Dry 

matter 

Nitro- 1 

Kf'llOUB ' 

matters . 

Fats 

N-fret‘ 

extracts 

Crude 

fibre 

Ash 

Bod olovor 

Hfi 7 

17 2 , 

1 4 

33 8 

23 1 

10.2 

White » ' 

88 6 

18 4 , 

3 1 

; 36 s 

22 4 

7,9 

Black Modif-ngo {Mfdicago lupuliua) 

86 2 

20 7 

2 2 

30 S 

21 9 

10 6 

Bird’fl-foot Trefoil {Lotua roriLirulntus) 

84 0 

16 4 

3 6 

33 7 

21 8 

8 4 

Serradilla {Orniihof)Us sntii'U'^) 


- ' 

— • 

— 

— 

— 

Oat.s ' 

86 0 

50 0 

2 6 

41) 0 

27 9 

10 5 

Wheat 

86 0 

4 5 

1 7 

38 2 

30 7 

10 9 

Sprit 

8:) 7 

3 2 

1 3 

32.1 

40 7 

8 4 

Bye . , 

86 0 

4 6 

2 0 

28 4 

43 5 

7 5 

Bai'ley 

8o S 

3 1 

1 5 

38 5 

30 3 

12 4 

Dan (Sorohuni tnflfirirum) 

89 9 

3 7 

0 9 

53 3 

24 3 

7 6 

Kapr and Colza . . 

87 0 

3 8 

1 H 

38 0 

37 0 , 

6 4 

Flax 

86 6 

5 1 

3 7 

;; 0 

35 9 

7 9 

Camoliua [Camel lun xd/ra] 

88 8 

2 7 

1.1 

32.6 

45 2 

7 2 

Buckwheat 

86 8 

4 6 

1 1 

35 3 

43 5 

2 2 

Maize stripped stalks . . 

87,8 

2 9 

0 8 

45.3 

36.9 . 

1 9 


Table II. - 

— ■ Percentages 

s" of nut r Hi re 

svbsiatices 


in the 

Pods of different 

liaise plants. 




liOUtlls 

Boise 

I’eas 

Lupins 

Soy- 

Vetches 



heaiKs 



he.iri'’ 


Dry matter 

. . . 85 0 

85 0 

86 0 

87.3 

89 2 

85 7 

Nitrogoiiou.s niaitei . . . 

18,4 

10 6 

: 10 8 

9 0 

6 0 

, 10 4 

Cnicio fats 

. . , 18 

1 5 

2 0 

0 7 

1 5 

1 7 

N-freo extracts 

. . . 37 4 

29 3 

34 0 

42,4 

43 0 

:12 9 

■Crude fibre 

... 19 5 

36 2 

32 0 

1 29 2 

30 4 

! 31 9 

Ash 

... 79 

7 4 

! 7 2 

! 6.0 

8 3 

1 8 8 


Basinf^ our calciilatious on the world’s statisti(‘.s of ilie chief 
cereals (1) to which reference lias been made, an estiiuale can be made 
of the total average, rivsidues from each by taking their average straw 
yield per acre as: wheat 2 metilc, tons — oals 2 nielric tons — rye 
1.8 metric tons — barley 2 metric tons — rice 2.5 metric tons — 
maize 3 metric tons. 


(1) l.U‘. Intoriiatumiil In^titAite of AfjrionlUirc, lute mail anal Year-Book of Agricultural 
StiftMcfi, 1917-1918 Uonie. 1920 
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Quantities of Straw produced hy the different Cereals 
in the hvo Hemispheres. Average of 1909 to 1918-1919. 




Cereals 


Aron in ncios 

Animal straw -yield 
in ton'' 

Wheat . . . 



2t>K.07:L:ir)9 

210,007.702 

Rye . . . 



lOH, 170.224 

7»'3,1 r» 1 .oil) 

Barley . . 



7S,2r. 1.740 


Oats , 



LO.LUO.GIS 

1 12.022.OS0 

Maize . . 




1SS.SS7 17t; 

Rice .... 



10S,777.27S 

1 10.01!).HOr) 



Total . . 


707.012.f)r)2 


Taking lh(\sr qnaiit i lies ini o coiisidcTa lion, toget.Jier wil li the Fact 
that a large pari (il tlndr n^sidinvs reiiiaiii iiTiiis(‘d on 1 he ground (wliicdi 
is in itself no actual hiinn), sonic id(‘a can be gained of lln^ advantage 
that might have resulted from tli(‘ir eaavlid nsi* eilluu’ as lbrag(‘,or lej‘- 
tilisers. Tn order l.o deterniine tlie valiu^ ot tliesi* residues as stock- 
feeds, if is necessary l,o (^onsidei* tlieir ave,rage eonteait of digxsstible 
ehunents as given liy Kellner (see Pari 11, No. 11), and by basing 
calculations on the total world prodiudion, Ihe total (juantilib^s (d' 
digestible nutvitivai elenient-s contained in the various slrjiws will l)i‘ 
found: those are given in the Ibllowing Table. 


Tot.il straw 
of Northern 

and Soutlieiii Crude 


Clops 

Jleiuispheies 

AvcriiKe 

1900- 1010 

allniiiim 


inetne tons 

niolijc tons 

Wheat 

1 

. 2 1 0,007.702 

0 2 

Rye .... 

7"), IT) 1,0 in 

4 50,010 

0 0 

Barley . , 

o;{:l:ci;l7s4 

J4:i,:n7 
0 7 

Oats 

. Ji2,022,0Slt 

1,404 OS 7 
1 3 

Maize 

1HS,SS7 470 

:i,21 l,OS7 


• 

1 7 

Rice . . . 

lJ0,04U,8Hri 

2,751,247 
2 5 Vo 


• 

— 

Totals . . 

. 1.331, 012, 

8,354,603 


Crude 

N-freo 

( rude llbro 

iiietriu IciiB 

exlr.U'ts 

inetrii 

iiiutric tons 

S(»7,S7 1 

28,850,704 

4 4,20 1 111 

0.1 ‘V. 

13 3 '5, 

20 4 

300,007 

0,004,5 58 

10,53.3,355 

0 4 

12 0 

" 2 ^* n 

253,335 

8,013,301 

13,300,006 

0 4 'V', 

12 7 „ 

21 

503 110 

1 H,5S2,tJ43 

23,538,015 

0 5 

1 0 5 ' , 

20 0 "V 

044,437 

3 2,4ss,n4 0 

44,388,557 

0 5 

17 2 

23 5 

1,100,400 

1 1,775,330 

22,120,029 

1 0 

1C 7 

20 1 % 




• 

4,0X9,859 

109,341,381 

1G4,141,46X 
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2. — Disintegration of Stra^^ (!)■ 

Witli a vi(‘\\ to iiii])rovin^- the digestibility of the straw of 
wint(*r cereals, especially wheal straw, several processes have been 
])roposeil and tested ((*hi(‘fly in Germany) by which the availabi- 
lity oT the straw might be increased by treating it so as to liberate 
the fibre from t li(‘ investing substances, es]3ecially lignin and silica, in 
order to facilitate the action of bacteria in bringing about its decornposi- 
tion and disintegration. In these ])roc(‘,sseH, it is not. necessary to eU- 
minat(‘- the lignin entirely, bnt merely to soften the tibrons portions 
and thus break the bond betwa^en the lignin and the cellulose. I 

Satisfactory nssults wen^ obtained from treatments with alkalinp 
lyes of caustic soda and carbonate of soda, and also with millv of limey 
Acids on the otlna- hand only gave negative, results. 

Treatment with eanstie soda lye. — iiie mcihoil that })roveel 
most, satisfactory was in wiiich tht‘ straw was treated 

enld with alkalis. 

The f(M‘ding expiaiments made by Honc'iiamp with strawM-reated 
by the flra^KMANN lo’ocess have showm (hat destiTictfon lakes place 
of jiart of th(‘ organic mater containing all the group of niiliitive snb- 
st ances. 

ihe.atment with 3.5 and 7 % caustic soda increased the dige-, 
st-ibility of winter cereal straw 72 % and 94 % respectively. 

In comiusion, the increase in tin* starch value due to disintegra- 
tion was considerahle in the straw' of winter cereals, but slight, in straw 
from Leguminosae and Oruciferae. 

Tli(‘ ilrxiKMAivjv process is carried out in tlu‘ following manner 
by th(‘ “ Veredelungsgesellsehaft fiir Nahrungs- uud Futtermit, tel, Bre- 
men and Berlin 

The straAV is choj^ped and jdaced in tlat boxes made of wood or 
tin (the fixed height being 50 cm; the surface aica, 2 sq. metres per 
kg. 100 of straw): 8 times its W'cight of .1.5"/, — 2 % of soda lye 
is tlun adiled and allowed to work for 12 hours ; the Jiiixture should 
be stirred from time, to time. Aft.erwards the straw is washed. 

( I ) Cf. 1) K., llhor Stroliaufsehliessuusj, Vcr.'iuchs'^tnt , vo\. XCV, 

Parts J-:i UorJiii, 1910 — 2 ) If ansk\ J , Die Anl’si hlit^.s.sunt; von Si roh imt Kaller Natron- 
laii^o Tincli (loin Verfaliien von IJerUmaiiii, Mitlcil th r Den, inch Lai}(tn\-fresell , vol XXXIV, 
Part 4 Uerlin, 1919 — VIa<jntjs IJ , Tli'‘orie \iikI Praxis dor Strohanfsc.hlieaaung Berlin, 
P. Parey, 1919. — 4) IIoni'AMP F and Badmann F , IJiitersuchiinrjnii ubor doin Fiitterwert 
de.s nnoh vorsfliioridtnien A’orfaliron aiif^osclilossone Strobes IF Mitteil : AufscliliisH des 
Strobes durob Atzkalk init und ohne Djuck III. Mitteil : AnfsoJiluea des Strobes mit 
Soda Die hnulw, t't rstu lisyfat . Vol XCVllI, Parts 1-2., Berlin, 1921, — 6) VON 
WissEL. Bntrag zur Erinittelvinp eines einfacben und zuverlussigBn Verfahreiis din Hobo des 
AufHoblie.ssungsgrados von Kraftstroh mid desgleicboii analyti.scb festzustollen. Die Utndw., 
Vcrsuchsxtnt , v. XtUI, 1‘nrt.s fi-tj. Berbu, 1921. — • H) W^eiskr, S. and Zettsohek A , tJber Stroh 
avil^cblie.ssung. Dk Ittndw \'er.suchf(stnt , vol XCV'Tl , parts 1-2 « Berlin, 1920. — 7)Ki.lNa dr. 
Max, op ( It , p. ,11 ot sqq — S) OaftnoinK A. La Dt^i-sapregation des Padles. La Vie Agr. 
(t^Lfur.t Xo .10 Paris, 1922. 
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Fingerling has compared this cold lyc melhod with Colismann 
boiling lye method. , He obtained tlio follow ing results. 


Nutritive subBtauecs 

straw (lLsmtegr.itpd 
by COLSMANN 
process 

straw disiiitenrated by Pjckmaxn 
process 



for 3 days 

l\>r Hi hours 

Organic matter 

r>s 7 7 

TJ 7() 

7 1 OS 

N-froe extract‘d 

:i.7 s‘i 

7 0 :>!• 

ij:{ o.-. 

Fat 


bP <1 1 

St 7(1 

Or udo fibre 

7.1 '2s 

70 ;5o 

s(i 

The j)lant installtM 

1 by Hansen at 1 

ho Agrit'iill 

inal Inslilnle o 


the Univcrsily of Konigsbcrg for the piiijiose of Ic^sliiig tli(‘ Hix k- 
MANN pro(;esK showed t hni the average water eoiisumpl ion is 4.012 eubie- 
metres jier 100 kg. of dry straw-; this givi^s 110 kg. of disint(‘giated 
Straw containing on an average 10.9 oF dry mailer. TJie loss in 
dry matferwas 212.4 % as against .'^7.10 wa’tli tlie (4msMANiv proe(*ss. 

Tt takes 20 8 lilies of eold soda lye hiil only l(i li1r(‘S o)‘ boiling 
soda ly(^ to disintegrate 100 kg. of straw'. 

Hansen also compared Iheetfeet ol lh(‘ t wo]>ro(M*sses l iomt lies! and ■- 
point of the immediate^ com posit ion (d‘ th(‘ jirodncl. and oldained the 
following results: 


Nutritive euibBtaiiceB 


Straw riif«intesrrale<l by lye Straw (Ii8mt(‘«ralp(l by hot lyc 
(JnCCKMANN pn'CCBS) ' ((‘OLHMANV Iir(»(‘»“''S) 



for 3 days 

lor 12 lioiir^i 1 

lor 3 days 

for 12 hours 

Drv mat tor . . 

1 1; 2'l 

Mi S 1 

1 00 00 

I 00 00 ' 

N-froe extracts 

4 is 

1 .at 

2.7 .»!) 

27 .7 7 

Crude fat . . . . 

0 IS 

0 I!) !; 

1 Ml 

1 1 I 

Crude fibre. . . . 

(i titi 

(•11 

3 0 

:{K :i2 

Starch value , . . 

0 .70 

0 72 

.7S 32 

;7 7 7 b 


Hansen has observed thathoi-ses inid'er straw- that has been disin- 
tegrated with cold lyc. In the case of milch eows fed for months on 
straw^ treated by botli methods, the variations in the milk yield and fat 
production obtained from straw- tlisintc^grateil with cold and boiling 
lye respectively were A-cry slight (1). 

Treatment with %iUk of lime both with and without pressure . -- 
The experiments of Honcamp and Baumann have demonstrated 

(1) The liquid derived frbm the troiilni ent of straw with alkalis, nf utralisod wit h Min- 
eral acide, or aluniiuium or calciiiTii eali.^i, produces a precipitate which wlion M#^‘juirutc*d hy de* 
cantation and kept moist can he used as glue (Cfr. ; Koi.leii Dr. Th , op, oil , p 440). 
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that the disintep^ation of straw by milk of lime also causes greater 
losses in organic matter when the process is carri(;(l out under pressure 
than when no pressure is applied. The fibre does not appear to be 
attacked. 

Milk of lime removes less of the investing substances than are remo- 
ved by (‘,austi(‘, soda, but. the (piantity of organic matter is almost the 
same in either case, so that the amount of lignin present in a disinte- 
gra.te<l straw is not an exact m(‘asure of th(‘ degree of disintegration. 

The starch value of straws <lisintegrated by milk of lime is much 
higher than that obtained by the soda method: 48.68 as against 
13.29. 

Slraw^ disintegrated liy milk of lime was readily eaten by stock an|tl 
no dig(^stive disl.urbances were observed. \ 

JHni7i1e,(jr(it'io7i oj l^irau' with varhonuite of aoda . — The straw' is treat^ 
(‘d in the sain(‘ way as in tlie preceding imdliods, being boiled for 3 
hours with 8 times its weight, of an 8 % solution of carbonate* of soda.\ 
The^ e*.e*llijlos(^ is nol attack(‘d at all, but the peuitosans are probably 
much aLfecte^d. This me*the)d is in rm way inlerieir to treatment with 
caustic seal a lye. 

A e'.omiiarisem betwH‘eu rye stiaw disintegrateel by healing feir 5 
hours with 8 % milk eif lime withemi pir.ssiire*, and the^ same straw 
disinte^.gralcd with carbonate of soda ol* the same (*once*ntratie)n, but 
boiIe‘d for a shoiter lime‘, has shown that Uie latte*.r jirocess is more 
effective, as may be* see'ii fremi ihe folleiwing digestibility coeflicieiitB, 



Straw dimiitoKriitcil 

with milk of limp 

Straw (lisinteKrated 

with curhoiiftte of soda 

Orpaniu mat tor 

5 a 4 

(>0 « 

N-t’roo oxiructu 

.12 2 

41 0 

(Vudo fibre 

7.i 7 

80 2 

Sl-arrh value 

47 1 

65.0 


Analytic determination oj the eoctent to which the Straw has been dis- 
integrated. — The folleiwing tests were applied : 1) jihloroglucin test; 
2) WEKNm^:’s method; 3) gravimetric me*thoel; 4) volumetric method: 
5) WoHJ/s calcium chloriele method. The results sheiw' that in order 
to eleteu inine the changes which have taken jdace in straw treated with 
caustic soda lye, the straw' must be analysed f)efore anel after treat- 
ment/ and further, the disintegration iirocess adopted must generally 
be known. ‘ • 

Von Wissel describes briefly 3 hitherto untested processes invent- 
ed by : — Wakntig and Giersich — Mach and Lederle — WiLt- 
ST\DTER (1). 


(1) Cf Die Lnndwirlachaftlichen Vf‘r8uchS‘Siatto7ti‘n, Vol. XE. Uerlin, 1917. 
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Welser and Zeitschek made c*.oiii])ara1ivo (*xp(‘rina'iits in Hnn- 
jrary during the 'war with the BE^KMA^'N aiul Lehma^t^ prneosses. Tln^ 
latter consists in treating the straw witli a boiling lye ot eanstie soda 
for 4 hours under a ])ressnre of 4 atinosidieres. The digestibility of 
the crude libre and ^"-fre,(‘ extracts uas iiuaeased by this proe(‘B8 
12-13 %and 25 % res])eetiYely. For each 100 kg. of straw, 200 litres 
of water containing 1.5 kg. of Ot; % eanstie soda vvctc added. The 
food thus obtained was tasty, had an a])])idising smell and owing 
to the forinafion of a(‘etie aeid a de(‘idedly aeid reaetion. Its nutri- 
tive value, always allowing foi the absence of digestible' albumin, is 
('cpiivalent to the nutritive value ol good hay. Jii tael, its stareli 
value is increased from 50-77 b> this pnxi'ss. r»y using an autoclave 
of 14 cu])ic metres, thc'se authors obtaini'd sullieient disinlc'grated straw 
for 200 head of fully grown cattle. 

They also treat eel the strau with a (‘ausiie soda ly(‘ (S.40 kg. in 
240 litres ol water per 100 kg. ol straw) for 0 hours under ordin- 
ary juessiire, but found that tlu' long washing nec-essitated by tin* 
strong concentration of 110 “ caustic soda r('mov(‘d a large amount- of 
the dry Jiiattcus, wldh' tlu' digc'stibilit y of tlu' enuh' iibj(‘ was but 
litth' increased. 

The sam(‘ inv(*s1 igators also Irical lj(‘a1ing straw with stc'am alone, 
or with steam and ly(‘ togetlu'r. In the lirst case. Ihi' digc'stibility 
was (‘onsiderably increased, but not to tlu* same (‘\tent as in the com- 
bined tri'atnu'iit . Tin* straw wlum merely st('amed, was stilTcrand less 
a j)p<'t isiiig, as w(‘ll as l(‘ss ec'onomical oJ nitrogen than wlu'U also boiled 
in soda ly('. 

Th(*y also obtame<l good icsults by treatijig ttu', straAv with milk 
of linu', but the straw recpiired wasliing thorcmghlv aft(‘i wards. 

In conclusion, straw treated by the soda !>(' process und(‘J’ press- 
sure, calh'd in (iciniany '' S1re>hstoff has j)ro\i'd its supc'riority 
(►ver straw ti(*ated in any ot lu*i‘ majim*r. It is true* it losers half its 
dry matter \i/., the ciude* ])rote‘in, and most of the >i-fri'(* e‘X tracts, 
but the nunaimler consists t'sscntially of libre, is (‘asily dig(*st<Ml and has 
tlu' same starch value* as i>ure starch. 

The dige'stibility expe*rime*nts maele* with this sliaw ga\e* the fol- 
lowing results. 





OrKaiur 

matter 

N-frpp 1‘xtriu‘tH 

On (Ip fibre 

W";th cat tip 

arrordintr 

to Keu.tjkk . . . 



K 

With fslieep 

9 

» FlNGERI.TNd . . 

7:1 2 

72 2 

77 3 

With S'wiiie 

9 

9 Anqbrlino . . 

Sh H 

7 

94 8 


'' BtrohstolT call be converted into a comme*rcial stoe'k fe^ed^^y 
mixing it with molasses (“ Strohstofl’inelasse “ Strolikralttutte^r J,’) 
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according to the Oexma^nn method, in which the damp disintegrated 
straw is mixed with molasses and then dried. By Jihis means, a sticky 
mass is obtained having 1 be following composition : 


Water 

Nitrogenous nuittors 
Cl lido fat . . . . 
K-froe extiarts . . 
(.Vudo filjre 
iVJiiKTal fiubsl mice 


(i 'i O/ 

5*..l /O 

7 % 

;m5 

.‘i.l 

0 4 

0 4 

20 0 

;t() s 

r,:i 0 

.'ll 4 

t 7 

4 H 


Stare!) valiK* 70 TTi, gniiitiiig the standi value to ))e that of X)ure 
staicli, as has b(‘eii said. \ 

As disintegrated straw inixetl with molasses contains hardly anV 
albumin, it is nuNcd in (bniiiany with foods rich in albuminoids. First 
dried yeast was us(mI, and afterwards lupin seeds that had bcaui ground 
and freed from their bitter taste; by this means, a e.ommercial feed 
was old.ained wliiidi went by the name of Eiweissstrohkrattfutter 
This should contain, at the maximinn, 11 wate] 55-60 of 
the dry madder of straw of IH) % availability % of N-free ex- 

traet-s, of which 13 to 15 % is sugar 10 % e,rnde i)rotein, ol which 
6 % is digestibh^ albumin — "1 % ash. This feeil 1 v(H‘j>s well. 

1.5 lbs. per lunid and per day can be given to st(‘ers, it also suits 
dairy cows. In the (‘use of horses, 1 Ih. : rei)lae(‘s ^.55 lbs. Jiay and 0.9U 
lbs. oats; nj) to asoiit 3.81]>s. per lu^ad and per day may b(‘ fed, lint this 
maximum must be reaehiMl gradually. “ Eiweisstrohkrartfiitter ” ean 
b(‘, fetl to swine at the rate of to */, of their ration, or 3 to 1 lbs. 
per 1000 lbs. of live- weight. 

Leiim\nn’s medliod, whiedi has already been mentioned, may also 
be applied on a small scale on an agricultural farm in order to obLain 
'' AnfgeschIosscn<*s Stroh or ‘‘ Krafts I rohf utter This is prepared 

either by boiling tlic straw in an o])en caldron with caustic soda lyc (at 
least 10 kg. of caustic soda being used per 100 kg. of straw) in onhu’ 
to o])taiii a feed with tin* digestibility of bran, or else the straw is boil- 
ed with ea-ustie soda lye under a pressure of 5 to 6 a linospluaes (us- 
ing 1 kg. of soda ])er 100 kg. of straw) wliiedi makes its digestibility eciual 
to that of natural meadow hay. If the amount of soda is raiseal to 
10-lli kg. ])er 100 kg. of straw as digestible a fooil is obtained as the 
best concentrates. 

The comi)let(^ i)lant required for this treatment is sui)X)lied by 
Messrs Bromueik^er (Nollendorfplatz, 6 I, Berlin); it consists of 
a forage chopi-ier, a tub for the lye, mixing basin, boiler and 
washing tank. 

Jn the OoLWMANN process, which is also a hoiiY". method, the straw 
is mixed with the soda lye and left standing for 12 hours ; after this 
it is pul into a masonry tank anti disintegrated at about 100*^ C. by 
meaiis of a current of steam. For each 100 kg. of choj)ped straw^ 
16 Tvg. of 33 % soda lye diluted with 267 litres of water are used. 
Alter boiling, the mass is carefully washed and pressed ; it then 
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contains 25 to 30 % of dry inaltor and lias the lollowiii;: chemical 
comiiositiou : . 



AccoidiiiK 

Arrorilini: 

vccDi dum 


to RRison 

to JlKJtiOlI 

to the Kiisliii 


I 

11 

Awnniltnrul statioi 

■Water - - 

(C) 2 % 

s(i 7 

7.7 n 

Crude firolein 

1 7 

> 1 1 

(I :: 

(’naie fat - . 

e 2 

' 1) 1 

1) ;i 

N-frec* e.x(rut'(‘5 

2 i\ 

; - 

7 I) 

Crude dbre 

2 1 S 

1 1 u 

1 0 

Mineral pub,'!! am a' s 

1 r» 

1 ;{ 

0 s 


qiiaiitilites of war lodder werc^ mad(“ in (hniiiaiiy by flic 
liFJiivrA’NN and (h)T.SMANN processes, wliich nuule it possibh‘ to cope, 
al all events to some extent, with Ihc dearth ol st ock d'ei'ds. 

A iilaiit for treating straw liy tlie Lkiimv>JM process was inslalh‘d 
in L. Favrfsse’s farm llahitre. (lemblonx (r»el^’iuin) in 1917. 
This aj^rieultiirist found tlie method pracli(;al ami my nsefiiJ at tin* 
time when tih(*.re w^as a sc.a icily of piilj) from the siiaar-fai'tori(‘s. 

When led to dairy cows, and (‘specially to animals b(dn^ fatt<*n(*,d 
for the Imtchc'r, this si raw ^ave bet l.(ir r(‘snits at Ihdatrc^ than pulp (1). 

An (‘xccllent method (provided the icsulls ol)(aim‘(l are e(*rtain) 
has b(M‘n [iroposed fiy Kratsz Lfjimatmn foi‘ makini!^ a stock deed rich 
in albuminoids from disint(‘‘xrat(‘.d straw^ and ammonia. Tin* slraw^ 
wcis snbj(K‘.ted to the action of steam and the ammonia added, aft(‘r 
which it was l(*ft to head spout aiKMUisly and alloAV(ul to (‘ool ; snl)sc‘,- 
quently fiuii^i (siiec^ies not stated) w^iuc introduced. A( t he end of 1 w'(M‘ks, 
this straws cont.ain(*,d 11.02 % protidn, inst(‘ad (d Ili(‘ usual amount, 
f.35 %. In another sample of sliaw^ tieat(‘(l in I h(‘ saim* manner, 
but with tlie addition of ammonium sulphate and sodium phosphat(‘, 
the ])rot(‘in content rose from 3.17 % to 10.11 %. 

Acuairdin^' to Stutziou, a jirotdn feed cruild be mad(‘ from p(‘-al 
by disint (‘^^ratin^ it with hydrochloric a(*id, addins some ammonium 
tailphat.e, and inoculating tin* mass with fun^i. 

The investigators mentioned in tlu^ note al llu* h(*ad ol this eliajiter 
obtained m‘f’ative results, as has already becm said, on treatin^^ straw 
with acids. Stt^TZER (2), how(‘vt‘r, by placint^ 100 parts of straw' lor 
1 to 2 days in 000 jiarts watcu' eontainiiii: 1 jiarts hydrochloric acid, 
and subjecting the mixture to the action of steam uiid(‘r a ]iressure of 
3 atmospheres, obtiun(*d a ji^jicatly improved jiroduct, as is shown by the 
followinf^ coefticients of di<?estibility. 

(1) Cf. A. Caui.ieu Ij'unphd (/<■<» m ulimrtitat uni Mm de I’Ai'r., Av^^ mix 

Oultiv. Bni»aelR, M ^Voissenbruch, lOUl, p El. 

(2) Cf. Die Landw Versiichs-Statinjuii, i’orts 2-:i. Berlin, 191 f). 
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l^ABT 11. 



Untreated ."itraw 

'I reated straw 

m(.'snnti nmtlcr 

r>7 rtO 

4 7 70 

(Jni'U* pr()t4‘jM 

(if) 7 0 

— 

Fi])n* 

5:1 00 

52 00 


(iO 20 

:io ;u) 


s:i Ot) 

oj 75 


Tlu‘ straw thus Imiled is uiore nutritive ; it is brown and has 
ideasant snudl. \ 

.ATuonj^st ttie uieihods of <lisinl elation t)y means of acids should 
be meiitioTied Scitwaulk's ju'ocess ot treatin^^ acid with hydi ochloric 
acid, the. ))rodu(*t 7ioi hehxj mthHvqvt'nily washed. 

llAissi^TN j^ives the following figurcss for straw- thus treat etl : w'at(*r 
23. ti % — crude iirotein 0.(i % — ])ure alhumin 5.h % — crude 
lal l.h N-frec extracts 33.9 % — crud(‘ iibie 27. b 

This straw is readily eaten by dairy cows and causes no digestive 
(list url)ances, but its nutiitive value is Jow^ : 7 units ludng only equal 
to 3 units of natural oat straw' or 1 unit of sugar-beet slices, ft is much 
inferior to straw' that has been disintegrated by alkalis. A hydroJised 
hay /hn/ris also made in (iiuniany ; this contains, according to the analy- 
ses earned out at th(‘ Itonn Agric.ult ural tSlation : water 8.9 % — crude 
prot(‘in 2.2 % (pure albumin 1.7 %) — N fice (‘xtra(ds 43.3 — crude 

iibre 41 % — mineral substances 3.2 %. 

No details of the disintegration ])ro(‘(‘ss have laani published. Feed- 
ing t(^sls conducted by JiiriTAUDiSEJS with cows have i)rov(Ml this bed 
t.o be inferior to hay ri'.sidue, for it- only produces, in comparison to the 
latter, 89.8 % ndlk and 94 % fat. 

Oexmann (1) has made, in Giuinany, a C()m])ound food with straw 
flour arid straw' treated with caustic soda lye. This product he called 
“ Z(‘llulos(nifutter ”. It. containcMl : Htraw 65 % — Dried potatoes 
20 % — Molass(‘s 15 %. Figs will not eat it, however, and the results 
obtaiiKMl may be regarded as negative. 

Straws Hour has also lacn mixed with ground grain and fed with 
gluten and molasses, or alone as a basal ration (2). The nitrogen not 
being assimilated, it was c-oncluded that this feed is not jirofitable. 

Nolsson (3) obtiiins straw cellulose and sawdust cellulose by 
reducing the straw^ and sawdust to a fine paste and adding 10 % of 
molasses. This feed is also sometimes cut up into slices, but animals 
will not eat it by itself; horses will only take it mixed with hay or nat- 
ural straw . Cows and horses will readily eat tin/ cellulose wdien cut 
iij) into little disks and mixed with wheat shorts. 


|(\) Ci. Lundw. WocJunschnfl iiir die Frovinz SttL-h&en, yeur 18, Ko. 17. Halle, 1916. 
(2^ ('t ilurigen dt.r Dcutsrhtn Landwirtechaf ls~Ot8illachaft , 16. lierliti, 1915. 

• XmssuN J. Fodi-rctllulcwa HlookUolm, H. WonTiiers, '■Malmb, 1919. 
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For dairy cows, 1.3 kg. (2.8 lbs.) of cellulose containing 10 % of 
water makes a nutritive unit, provided albuminoids have been adtled. 

For horses, 1.2 kg. (2.7 lbs.) of the cellulose is equal to 1 nutritive 
unit . 

Wluui cellulose is led, not less than 40 gni. of digestible juotein per 
nutritive unit may be given, this shouhi be suj)])li(Ml by concent l ines. 
If the forage of the district, is poor in mineral substances, lime ami 
phos])hates must be ad<le<l to t lie ration at the rate of 20 giu. jici* day 
ia*r head. 

For more detailed inforination regarding straw //o/o- 1 he reader is 
referred to the c-hapter bearing this title in the part dealing with 
Human Food (s<‘e p. 63). 


3. Maize Rachides and Stems. 

Wlien feed is scarce, the raehis (axis or stripjied stalk of the 
inai/(* cob) ground and redu(*(‘d to Hour in s|a*eial mills can b(‘ fed 
to sto(‘k in t]i(‘ form of a paste mixed Avith hot watcu’ and some 
handfuls of meal. Its nutritive value is however vvvy low, not 
exceiMling that of wheat husks. 

The riKihis of maize contains ; water 0.83 % — erude protein 
3.40 % — fat 0.32 % — N-fr<‘e (‘xtraet.s 49.91 — (uudi* tibre 

:54.17'% — fsJi 2.37 %. 

With the object of making these* rachides into an easily digested 
food ScuuiTi and MouuFJ.m (3 ) havi* devis(*d a m(*thod of treat- 
ing them by hydrolysis. The product, w hen linely ground and dried 
at. 100(1, contained: fat 0.52 % — crude protein 1.75 % — fibre 
38.6 % — ash 2.11 — N-free extracts 57.02 % — p(*ntosans 

15.81 — w^ater-solubh* ojganic. matter o.Ot) ' organir* matter 

solubh*. in dilute hydrochloric acad 46.30 %. 

I'lic* hydrolysis of the maize lachides flour is carried out by sub ject - 
ing it to the action of 4 % sulphuric acid al a t(‘m])erature of 13(F^C. 
I’reviously, the flour is mixeil with 10 limes its weight of whaler. 
From 100 units of the Hour thus treated, 60 units of e(‘llulose and 
some 40 units of sacchariferous comjiounds arc*, obtained. 

The maize sterns are sometimes used as feed in winter, the thinnest/ 
and softest being selected. They are passed through a e.haff'(*utter 
ami fell mixed with hay, straw, bran, or green fodder. 

The thicker, harder stems are fermented and imt on the manim*! 
lu^ap. In the Ignited States, they are used for making a special feed, 
as a source of cellulose, for making pajier, and charcoal, as well as for 
[lacking material etc. 

The stalks o/ Jerusalem artichokes have on several occasions been 
employed as a stock-feed, their nutritive value wh(‘n dried being almost 
(‘([uai to that of meadow^ hay. If fed alone*. howev(*r, they f(*rment 


(1) Cl. Lfc -itazit/m t<pcrimnUuli rnjrarit tt<rlianf', Vol LI I, Ciirip 


Mrulenn, 191^. 
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in llie (ligestivo tracts of the animals, therefore these stems must 
be iise<l in a mixed ration. Tlieir di^jestilulily hjis l>een determined 
as follows : oj-^anie mailer 65 % — crude ])ro1eiu 55 'J'b % 

— fibre 54 % — jN'-frei* extracts 72 % — calories 66 (1). 


4. — Leaves, Twigs and Young Shoots. 

These j)laiit residu(‘.s have lon^ Immmi em])loyed (oj* ft^edin^ live- 
stock. During- flu* wai’, owin^f to the scarcity of fodders from artifi- 
cial meadows, Mieir use was greatly intensified m all the belligerent 
countries, and in some of tlunn special societies were (‘vcm created 
for ‘^atheriii^ leaves suitable for stock feeds, as has aln^ady been stated 
in the first part of this Mono^raidi (see ]). 32). 

The leaves of many tre«‘S and slirubs make a “ood food foi- cattle, ; 
if f?atliered shortly before tin* time of 1 heii- nat nral fall, and lln^ plants 
sutler lit. tie from the loss (d' tiheir foUa^'e at tliat jieriod. Tn many 
countries leaves form an eni(*,a(aous substitute lor fresh foddei iu sum- 
mer ; the folia^** of the olive-tre(‘ is fre(jiiently us(mI foi this i)urj)ose, 
hence it has been well named the ‘‘aerial meadow " Aluon;^^st the 
most e^mimon trees whose* leaves form a ;.cood stoek-feed may be men 
tioned 14ie (‘Ini, olive, mulberry, poplar, tiedd maj)le, willow, oak, 
chest Tint etc. (2) ; t,urni])S, be(*ts, J(*nisalem artichokess e^abbaj^es, 
rhubarb, etc*., are h(U‘bae.(‘-ous ])lauts freepuuitly used lor the sauu‘ 
purposes 

Tlie l(*aves of many spe^eies ean be* fed just as they are*- o'atluucd, 
but some kinds need to be put in the silo. 

Kim leavfs are very j;ood ; lliey contain about 65 % of water 
and 5 % albuminoids, of w hich about half is di^rest il)h*. The nutritive 
ratio varies betweem 1 : 5 and 1 (Mktsozzi and Xicirom). 

Willow leaves are most nutritious. A(‘eordin^ to C'. J). Hall (3), 
tiicy (U)titaiu wlum air-dried ; water 10.09 % — ei udc* luotein 4 5.3 % — 
crude fat 5.35 % — eriidc fibre 19.5 % — carbohydrates 40.4 % — 
ash 8.91 %. The asli contains : judash 9.93 %, — jihospliojic acid 
5.01 % — Willow leaves make, a uood poidtry -feed. 

I)E Marctllac (4) sneeeeded in fe(*diiiji' 25 head of cattle for one 
wdnter on (liestnut leaves, which had been uathered together 

with their t wigs from a copse in the height of summer, and kept 
until Dee.embei' in a cool, dark, well ventilated room. They were 
g:iven to the animals either dry, or ])oiled, after having been ehopj)ed. 

(1) CF Landw Jnhrhilrhcr. vol. 46, I’art J. Berlin, 1914 

(2) Cf 1) 1’ Dkphamure, TerliiiHiue do rnlilisutjoii QlimeuUiiro des fouilles d’erbre-s, 

C. 7?. Ac. iVAqr t Vol IV. 1918 — 2) De MAitc'ljJ.Ar, Los iomllcsctie rliatnif^ner pourleln- 
(ail, 6’. Ac d'Aqr.,Vo\ lA". 1918 — ‘l)T) Cannon, Hiii rciisilnjj:e dc ramilloa, 6’, A Ac d*Af/r , 
Vol. IV. Parip, 191S. — 4 ) (J CJuyot. Siir I'umploi don fomnep des arbron forestierp C A 
Ac. WAf/r, Vol IV Cons, 1918 

(49 Cf. JoumnI of th( Depart of Agric. South .4/m’o, Vol. Jl. No Crotona, 1920 

(4) Cf Comptrs Tinduii df VAcad^mir d\4.qricuUure de France, Vol IX, No. 27. 

pRTliB, 101 8. 



FEED FOE LIVE STOrK 


JUl 


As leaves are h(‘atiii^ their action iiiiist he cont^cled by 

a liberal supply o !*• sue eii lent food such as Inrnip-loiis. The chestnut 
leaves ^i\eii with inai/a^ silage, kep the slock in e\celh‘nt condition. 

The leaves (d‘ th(‘ Xeitli-trec (Veltiii avslraiis) (fi^ 5) make a fiood 
fodder for cattle, and ^oats : 100 parts ol fr(‘sh lea\(\s contain : nitro- 
genous substances 0.3 — fats 0.15 — carboliydjates 10. (iO. IMic fruits, 
which als(> inake a ^'ood feed, haAc a pulp containing;’ 30.4 % of su<iar 
and a kernel with (>7.1 */(, of fat ; when tin* latter is (^xtra(‘te(l, the re- 
sidue consists of a cake with V2 protein, \2A ‘J,, fat and 48.5 % 
(d > - free extracts (1 ). 

Durin^i' the war, an att<‘ni]d A\as made, niuler the dir(‘c,tion of 
A. STirrzKH and AV. IlArnT(li), to use Pint-irer ncrdlrs (lit;. 0) for 



.■) — Ncltlf* troo 

I' 1 urn I M . \ . CjoKi, o[) I i( 


Fit. (I -- lion 

Kioni l>r. \. FinUJ, Dp mI. 


feedin;L;- live-stock. Thc^y were fed chopjXMl to lambs at the rate of 
150 to 250 ‘;m. jicj’ head and per day, plus a basic ration, but the ani- 
mals ale them with reluct anca* ; 24 % of the or;»:anic matt(‘r ot llu^ leaves 
v'^as digested wdien they were mixed with hay or Avith potato-meal. 

The injurious or nn]dca,sant substances can be remo\ (mI by alcohol 
and the. diirestibility thus increased 35 %, but, of course*., su(*li tieat- 
me.nt is not. economical. The. dij^e.stibility of x>ijn*-nc(‘dles is about 
hall that of ha;N as regards the libre and orpinic matter, but remains 
W'ell below half in the case of the xirotein and 1^-frec extracts. 

The j)reseii(*e uf tannic substances ajijicars to be the chi(d cause 
ol the unavailability of xiine.-needles which are unsuitable for a 
stock-feed. 


(1) Cf, Att I .M " Ann ddht R Scaola sup dt dqnr <Ji Rurtit't, Vol. Xlll.*Por- 

tici, 1010 

(2) Cf Landw Jahrhucher, Vcrl 48, No 4 Jierliii, 191.) * 
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II is, howeAer, ])()ssil)le that a {jocmI msiilt be obtained by 

an aeid treatinent as in the ease of sawdust (see i»f 184). 

Aeeordin.u to DEniAMUKK (1 ), 100 lbs of liay can be replaeed 
])y 275 lbs. of the ^reen needles ot the Scotch Pine (Pinua sf^lvestris). 

The cabbafje is ii v^ery useful luu'baeeoiis plant from ilu^ jioini 
of view- of fodd(*.r, th(^ outcu- leaves of the kitelien-ft’arden eabbaji'e, and 
still more, those ol tlu^ lield eabba^e, beiiyj^* lar^i^ly used foi’ feeding 
stoek. 

Aeeordiriu to I. I. Die Yurions (2) 1 heir alimentary valiu* is eom- 
j)a.ral)l(‘ to that ol eenad residues, 'the lea\(*s of red (‘abba^(*s have 
t-wie.e as hi<;h .i footl value as clover hay whih‘ the h‘av(‘s ol white cab- 
bages are twice as nutritious as natural nu^.ailow hay. Ibul eabhaj>’(i, 
leav(‘,s howe.v(‘r may im])art their peculiar snail to milk ^^h(‘r(‘as the\ 
le,aa (‘-s of th(‘ e,aulillow(‘.r ami ol tla^ v\hit(‘ eabba^(‘ ha\i‘ no bad effect i 
upon t.h(‘, fat and th(‘ skiiumiji^ yield. 

Fj'om 0.5 t(» about 0 ll)S. of these hnives may la* ^ivou to e.ows 
])er h(‘ad and ])er da> . TIkmj' piua'.enta^e (‘omposilion is as lollovs: 


( .a>I»ji};(' .i ' « 

to II (■ Mullicu 

h‘i 1 % 

1*1 (aMii 

fill • -* 

Ts - i 1 «M* r \ I I’ln I - - - e 

(,'ni<l(‘ IiIko ** * 

Arinrnil sul)st HI) ’’S .*> 

Learfs ajui l\ 0 (ft-collars oj Sugar Beets. — These can be ^iven 

either dry oi’ as ensilana* (.>)• Aeeoitlinjj,’ to A. Kk’II akdsi-:n’»s (4) ex 
])eriments they suit cows best dry and fed with the basal ration at 
the rate of 0.8 kg. per day and per 100 kg. ol live eight. On the 
other hand the* leaves prodma*. more fat if led with the basal ration 
in tin* pro]a)rtion of 1 to 0 kg. pel* day per 100 kg. ol live weight. 
A crop (d‘ 20 tons of beets iier ae.re supplii's about 10 tons (d leaves 
ami root etdlars. 

During the, war every etlort Avas naturally made* to turn to good 
account tluNse residu(‘s of tin* sugar beet crop, always available in 
large (luantities. VMien it was not- necessary to utilisi*, thmn to the 
full or within a stated time, they were given to^the stock green or 

(J) rf rm(ii(S dr /Mr iCA'fr , TV^. l!MS 

et .\ I di I hind'^rh f,o Hflliouii) Wnk/'htd. V'(*nr XX \ I, Nn 4.), HUT. 

*5 1 (4 ) W Idsi-; Ut'ot lop Silaiijt’ uml Dlhor Hx-pioilncts of tliL* iSuf/ar-lx't't . C. S, 

Dept of [ym , F<jrni<t^' liulhlui lOO.A, WnshiiiMon, lill'.l 

*( J ) Of Landir J ahriturhi r, Vol 41). I*arts .‘>-1 Jterlin, iDlio 
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after erisilafxe, but diirinu llie war the i)laTi was aihqKed in (iennau> 
of drying tluiin, lujjl only to jneserve I hem for nsi*. Imi also lor pur- 
poses of transport and sah^ 

The raw material is tirst e-ho]»j»eil and dii(^l meeha iiu‘.dl\ , at 
ter whieh it is passed lhrou;:,d) a sieve to l'r(‘e it liom most ol lliesand 
it contains, as this is injurious. Not moiu* (han \'2 sand, oi’ 1 t 
water should be left. 

A<‘eordin‘^ to IvLT\(; this IVcmI eonlaijrs: vsatiM' b — vv\uW 
protein 12 — crude Tat I — .N. lre(‘ evtraets db.O — erndt- 

libr<* lO.o — erudi* ash 7.b 

Thus, e\ith*n11y it should b<‘ supplenuml ed by oIIku* siibslaiU'cs 
that an* ricdiei- in albumin. 'Idie oxalic* acid pii*S(*n1 mak(*s llu* IVc'il 
slightly laxative but its aperient juoperlies arc* h‘ss lhan tliosc* o! tlie 
fr(*sh h*a\(^s. Its diiz’c'sliliility is I'airly ^'ood : X \.2 % eiiub* protein 
— I'l.tS crude* fat <s;b I N. ln‘c* (*x1ra(*ts and 7!h I ‘;o crude* 
libn* b(*iuu aNailabU* (Iloxr 

This te<‘d is (*s|)e‘(‘ially suite‘d to j’uiiunants, il ^i\e*nin a moderate* 
amount, and mLX(‘d with a litlh* hay and e-arbonate* of lime*. 11 mound 
to meal, it may be* led to swim*, I k.^. be*inu us(*d to re‘plae*e' lo kii. ol 
sharps pe‘r h(*ad and p(‘r elay (1). 

l>urinii the* war, drie*d, ij;iound sictns of st cd fotfs wc'ie* pul on 
the* market in (le*rniany. Ae*eeu*eiin^ to Kj>iNe; (-) this le‘e*d eamtaius: 
wate*!* <S.,s — e-rude* piote*in o.o ‘h, — e-rmle* tat l.t; — N. Uvr 

e*\lrae*ts tb, I — e‘i nde* (ibre* l‘l.b — (‘rude* ash 10 . 1 * 

Tlie*se* ste*ms weue* use*d tor makin»> molasst*s le*e*ds. The*y wen* 
test, eel by K^s|•;^'Ke)LL^: em lambs, but pj*ove*d to be* laekinu in dim^s- 
tibilily, Idieir slare*!) value* is 1:1.5. 

Ill (ie*rniany, a me*al ed se*e‘el bee'ls ste*ms ' was alsei edTe*re*el 
lor sale*; this was e'nmpe»st‘d ed‘ the* s1e*ms e‘he)pp(*el u]) with a numbe*r 
ol h‘ave‘s anel a le*w u'remnd iileuiie*i iiU's, plus 11 sand, e'lay and (dhe*r 
im]MirU ie*s. 

Aimthe*r similar l‘e*e‘d was a mixlure* ol the* sle'ins ami re‘sidm‘s 
of tile se*e*ds ed se‘e‘el b(‘e*ls. 

Ae*e*eirelin,u tei Kiuve; (:>) it e*onlaine‘el : wate‘r 10. tl — eriiele* pro 

te*in 9.5 % — ('riiele* tat 1 .9 % — N. rre*e* extraels Ibi.O — e'riiele* 
fibre* 10. 1 % — crude* ash 11.7 'h, (ed‘ whie*,h ll.b is sand). 

The letires and iops of fhe Si«jar emu, insle*-ael of be*in^ bund on 
the* lie*hl as is ^(*nerally done*, e*,an be* made* into sila.m*. In this leirm, 
the‘y make* a iiutritieius leieid that is re‘aelil\ i‘ale‘n by ste>e*.k, anel has 
an alime*nlary value* little*- in1e*i-ie)i to that, of wdieilc niai/e*, silam*- 

Dagii,ss( (the erushe*d, ]u*e\sse*-d sui:ar-e‘,ane*s), ])re)vide‘d ne)l me»re* 
than 50-00 % eil t.he*ir wa*i^’ht has b(M*n hist, by su,uar-i‘xtra,ediem, have 
a ee*rtain foeiel value* it mven fresh, but llie*.se stems are* umre* ^e*ne*rally 
jiiloel up into heaps leu* a ye*ar eu* twei, anel use*<l as manure* (1). 


(1) Son lIio (i^niTfjs on HI 

(-) C'l KniN(i, Dr .XT , <)[) cit , p .‘i.'l 

('!) Cf KLiNf.. Dr ]^4 , op cit , )i r»4 , 

{ + ) P A Yodkk eJiowiii^c Siiirai -e 'aiK' for Syiup U S Diu< nl ]'/i, Farhury Hull. 
1034 . 'NVusliiufTton, 1910 • 
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Phvharb leaves hud jihvays bocMi iiscmI as a manure, ])ut during 
the Avar in Germany they were fed to stock, af^er removal of the 
lajge nuHliari lil). Acttoiding to KLT]N(i (1) (ntm Avlum <lry they are 
rich in piotcdu (lih.O % l)eing juesent in th(‘ dry Jiiatter) but tliey 
are best ted gie(‘n ; in lliat state they contain: water 00.00 % — 
erud(‘ |)rot(*in 2.80 — taiide fat 0.40 - N. fr(M‘ extracts 3.90 — crude 
libre 1.00 % — mineral snbst.anc(‘.s 1.9 %. 

In some parts ot (Tcrmany, tields (d rliubarb ar(‘ grown wJdcli 
[)rovid(‘ a (piantity <d Ieav(\s. 

lda‘se can lx* used as silag(^ pro\ idcd tln‘y do not maki^. up more 
than ^ ^ of tin*! diy malt(‘r of tljc* lations, as tlH‘y are slightly laxative. 

The iHU'ihifs of turnips, and evaui slightly dainagcal turnips make 
a good sto(*.k-l(‘(‘d (2). T1 h‘ dry parings contain : wat,(u* 9-10 % — 
ennh* pi‘ot(*in 10-12 — ciiide fats 0.92 1.13 % — N. tree extracts 

11. () lhniii[)s ar<‘ b(‘st. ilric^d and slic(‘d, nn lam they contain: Avaler 

9-10 — cjudo j)rot(‘in 9 10 — ciikU* fat 1-5 % — N. trc(‘ ex- 

tracts 49-58 

In 1917, aai a11cjii])t was made, in (iiainany to (‘i) (d>tain a snb- 
stanc(‘ snit,abh‘ for a.djiiixt lire with bjead tlouis by ledndiig chopped 
a]id dried tairniiis to a meal which was I h(‘n mixed v p h 30 % dried 
jiotato Hour. Th(‘ (‘omponnd howeviT ]>ro\(‘d (piit(‘ luisiiitable lor the 
])nri)oS(‘ and had to la^ us(xl at a gr(‘at sacritic(‘ as a stodv fixMl. It 
(’ontaiiUMl : wal<‘r 13.9 — crii(h‘ i>rol(‘in 7.5 ‘J,, — (a'lidc* fat 1.1 % 

— N. frcM* (‘xtnu'Is 01.1 - (‘.rude Jil)r(^ 7.tt — ash 5.5 — starch 

value about t»5. Jt is sp(‘cially suit(‘,d for a ])ig t(‘(Ml. 

\\4i(*n thes(‘ ]>arings and damag(‘d 
t urni]»s ai‘(‘ us(m 1, (‘ar(‘ must Ix' t,ak(‘n 
that th(-y ar(‘ not n'ally rnouhly, 
and also that t h(‘r(‘ is not more 
than I % of sand, soil (‘,tc. 

Asparagus tops (fig. 7) wh(*n the 
cych‘ of grow th is C()m])h‘t(‘ contain 
the fi'uits, and wlxm ground form 
a residuum that can be used as a 
lorag(‘ foi' (‘.atth* and hors(‘,s, and 
if not 1(X) iniK'h ligniliiMl also for 
sw m(‘. 

Ai'cording to Kjjisu; (op. (utN, 
[). 24) this forage (‘ontains : water 
7.2 % — (‘.rude piotian 17.3 % 
— fat 1.1 — mineral substances 

0.5 

In Gerniany, Trof. KAJMA]S^■ of 
Eberswald(‘ sugg(^,sted using the 
gn‘(‘n or (hy twigs (of a diani(‘t(‘r not 



Fii, 7 — tcip'. iiiul fimts 
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\ ^1 ki.iMJ, 1 )r M , ()|> ( it , )) 1 ■( ■ 

(-] ('f Lonrhi' Jdhrhiicli fur Uuifnu. A cur VI, Xo^ II 12, Ariimt-’h, U) 1 (i 
4:11 Ki,im.‘» JJr M , op cit , ]) 7(1. 
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exc.mlini;’ - cm.) ol’ all lealy plants ualhrnMl al any 

time. • 

These twin's are aroinnl ami lermeiilnl with alxnit I of I'er- 
ment (f), in wafer of a l(Mn|H‘i‘ahir4‘ not al)ovt‘ w Itieh some 

fine hran lias been soakt^d. This food, 

if some tasty snbstam^es i)e a<bh‘d, is jL /f . ^ > 5 

reiHlily eat(‘n by stoeT. 

In e-ouutj'ies w lu‘re Ob rrs (tlj^. 8) ar<^ ^ 
grown, the prunit^fi rvsnlnrs, viz. leav(‘s ' 

and Iwdgs, ari* of imudi inijMiidanet'. v y 

Trof, (i. 15iil(iA>i'n has made a ^ 

detaih‘d study of tluan h'om vvhudi w(‘ t # 

hava‘ obtaiue-d tlu* followinir data (1). ^ t" 

Tli(*se r(\sidues ar(‘ by no means to 
be d(^spis(*d ; 1 lu‘y (tonlain : water Mi y ‘ \ 

— l(dal dry mal1(*r .3 t — jislt li.h " 

— dii^i'St d)l(‘ albuminoids 2A) — fat. a 'j yA^T X 

J.li % — \ ]re(‘ (‘xtraets Ijri % AY, ^ 

nutritive ratio 1 : P.O — eoinmeria'al I ' VA 

units 80.81 (Miojxozzi). "J? 

An analysis ma(h* (lor this author at. 
tju‘ h\ Stnz. /Ir/r, of Abahaia) ol (In* [tart ^ - ‘Unr: i)i JijH Itrs, (lnu'(jj*H 

of the 1 w igs r(‘ally eatmi by tin* animals, 

that is to say (unit I ing t lie vnoimI, gave |'•"^ i>i ' i i'h.i, op ui 

lh(‘ folio w’iuii r(‘sults : vvati^r 81. SO “a — 

total dry mattcu- tiS.iMl 8;^ — asli h.OO 'bi — digi'stibh* albimnnoids 
.3 ‘*0 fat 0.75 — total N Iree substances L^T — nutritive 

I'alio ^ : 5.7 — eomima'eial units 18. 

Ae,(*,ordmg to Ih’itf. I>m(;\^ri, in 2 years, (iimdiie tons of branches 
and lcaA(‘S of wdiieh 8 imdrie. tons can b(‘ useil lor stock ai(‘ (d)tainial 
Iroin Lb5 acj(‘S |dant(‘d with 100 olivi* ti'(‘(*s lo|>|)(‘d and fiiumal allernali^ 
years. A hii'ge amount id' forage can thus be obtained in ol^^a^-g]■o^ving 
c.ounlri(‘S, as onl^> tli(‘ strippiMl branehes should be burnt, but 
unfort una t(‘l\ great (piantities of the leaves arc* was1(‘d, or used 

foi‘ fU(*l. 

Olive h'aves ought to bi* tc‘d gri*en as lar as ])ossibh' ; tlu' la^maindei’ 
c'.an be left on lln* branch(‘S : these are piJ(‘tl up m lu‘aps and do not. 
.^uffi*a' from the, sun oj* liad vva‘ath<*r. As soon as the h*av(‘s arc*, diy, 
they are c*asily slri[ipc‘d oil, and ai’c* pul aside* lor making tin* s1oc?k 
te(*d wliieh is jn'e[)ared by soaking 40 kg. cd tlu* lc‘avi*s in 100 litres 
of Avarm v\atc*r c.ontaining liOO gr. cd kitehc*n salt. Th(*y arc* l(*i1 to 
soak for about 14! hours, and th(‘n giv'cn to the* animals which c?at 
them with avidity. Call hi or sheiij) a<‘(a‘}>1 daily I to 1.5 kg oi 
green h*avevS and O.'io-i kg. ol cliic'd h‘avc*s pei- 100 kg. of Ii v ci vveaght . 

Vifiv Imres and shoots — 48ic*sc* ivsiducss of tin* vine* an* obtained 
Ironi the* diilerciiit o]M*ralions to which tlu* jilant is subjc*ctc‘d vvhciii 


( 1 ) C] (i Uun; VMM L'm 1 iJi 4 /.ii/.ii»iii 
vlel hestianip, m Jhifl So I //* Itohoiti 


I .isfvniii ‘l( ir ••li\ ii I 

W'Jl, Nos in. I 7 


>11 almiriil ii/iono 
S)\^2 • 
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nMuoviil of leaves und barren shoots, primiiij?, tdc.), 
th(‘ l(*-avos ar(‘- also colhudcil aftor tho vinlaf>o. T\v^, (jiiaiitity obtained 
natnrally varit*s ^joally, but an avoraf^e of 4 000 k^. of ^^leeri leaves 
may la* n*(*koiied Irom one vim‘yard ; this amount shrinks to 1600 k^. 
wlnm th(*. leav(‘s aie diy. IT ])ossible it is better to save labour in 
]uekin^‘ the h‘av(‘s by S(‘n<lin^ 1 lie she,4‘p to browse on llu*ni on tlie, spot. 

The leaiy shoots ari^ made into silai^e and ean be usimI alter 40 days 
treatment. Tluar food valiu* is ecpial to that ol‘ ^ood hay. 

Tliey are pr(‘})ar(‘d as follows (Ij; ininuMliat (*ly after tin* vint- 
a^^e llu*y aie all eoJl(‘eted, t in* leaves are slrip])(*d oil and 1 1n* shoots 
are (diojiped iifi and (ausln‘d 1 horoiiirhly. 4Mn‘ fiidji thus o})1alii(‘d 
is put. in tin*- silo, well (‘.om j)r(*ssed, and e,ov(‘r(*d with a lay(‘r of straw', 
or btsiten (‘arth. W'lnui tin* iennentation is o\er, that is to sa>,atV 
tin* end oi (i to 7 W(*(‘ks, Ihis IVed is n‘-ady for- (‘alinji. U e-ontains a ', 
eonsid(‘7al)h* (piantity oT (‘thy I alcohol (1.25 1.65 

Tin* leav(*s, which an* k(‘|it a.|)art, inaki* a b(*tlt*J‘ food than tin* 
shoots, Tln*ir starch value is 12.5. 

iMoi/j'Z (2) has su^'ai'st (*tl izrindina lln* shools to make* a stock 
teed. v\ceordinn (o Kiillmor, tin* oin* y(*ar rdd shoots (‘(uitam on 
an :‘v<*iaa(* : w'al(*r 1 I — (oinh* prot(‘in 1.5 — ‘rudi* lat l.l % 

— N fi(*(‘ (*.\ti‘acls dS.6 — <*.rud(* libre 50. d — ash 2.2 — 

star(*h valin* 14.5. 

'Pin* libri* should In* r(*niov(*d by inacdiiin*. alt<‘r‘ which tin* shoots 
can be led t<( ho!S(‘S at the I'ate (d‘ 2 kj.*'. a day, and to cows a I I he rate 
ol I k,a. Vim* slioots a.T‘(*, how(*\er, ol less \alin* Ilian oat slraw (('ZA- 
T)KK), and ('an only In^ us(*d in cas(‘ ol nc('-(*ssit y as a siibst it ut (* for 
rou<.ihaii<*. As was said abov(‘, lln*y ar(‘ inori* dmcsstibh* and aee(*.pt- 
able to catth* wlicji nanU* into sila.u(‘. 

Ihalfirr tutal (5) — Tin* sp(*ei(*-s tis(*d is {('alhuHi rab/rfr/s Willd. 

- Prica ruhfdn's L.) (li^. 9.) the linit, a low shrub, with (‘r(*(‘t 

brancln*s and tt*iniinal e.lust(*rs ol pink, or whit(*, llowa*rs. 

Jb*lor(* the \\'ai‘, this plant, was at most tn*d uji in bundh‘s for 
firewood, or us(*d lika* the o(ln*r varieti(‘s of h(*ath as a supiiorl for 
silkworm cocoons, but during tin* war lack ol fora;i,(* (d)li» 4 (*d many 

af^ricnll m ist s, es}n*cially in (l(*rmany, to hav(‘ r(*eoiiTse to it for feed- 
inj: tln*ir stock. From tin* v(*rv be^inninti ol host iliti(*s, lin^ was 
fed to lln* cows, lirst in its natural e-ondition, and tlnui dri(*d and 
niix(*d with lln* ( boss l(*a\ (*d Ll(‘ath (Erica tfirali.r), tin* mor(* li^^ni- 
IjcmI stalks beins^ (lri(*d and mad(* into two kinds of fodd(*r-nn*al, 
knoAvn as Il(*i(!omehl I ' and “ I l(*id(*nn*hl II 

The first was ]U(*j)ar(*d as desei ilx'd al)ov(*, w hih* t In^ se(*ond w^as 
made by {.ivindinu the stalks sejiarately ; and was used for making 
molasses fe(*ds. 

From 106 })arts of fr(*sh Erica about 50 jiaifts of Xo. 1 meal an* 
obi ain(*d. 

(l) (’!' Vkntiik, 111 (' /r (ii‘ I'AcniJi'nni d' \iirn'ulturi di i'runrr, Vol V, \) Tsinfe, 

101^ 

(!’) (.'f 1>I , Dp ('it , |). (>(i. 

* rj‘. Kijn'c;. I)i' 1\J . <»}) p|> 
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Kltng gives (i (liiYerenl aualyses 
himself ami oilier dliianisls : (he 
crude protein % — crude lal 

— crude libn' l? 0 .y % — crude 
ash O.IH) ‘Jo- 

The animals refuse tliese 
meals at hrsi , but alterwards j 
beeouK' aei'uslomed to lliem. | 
and soon sllov^ (‘vaMenei* of 
t luMi‘ nut ]ili\ e (jualit ies. Hi(‘se 
Jf(*ideiii(‘bl(‘ ” e.an be. uiMUi 
1(1 cattle, liors(‘s. slie(‘]> and 
goats. Tli(‘y sluuild lx* I(mI 
soalviMl to ruminants, but only 
slightly moist (MkmI v\ Ikui usixl 
foj- hoiS(‘s. ^ 1 \> young pigs small 
(plant iti(‘S of M(‘al 1 can b(‘ 
giv(‘,n mi\(‘d into a paste*. 

Meal 11 has litl-h* nulntive 
Talu(\ ami (‘hietlv ser\(*s as an 
(‘^kcipiiuit . Its leiMling epialities 
and appetising (‘hara('l(‘r can 
Jlo^^ e\'er b(* imj>ro\ ed l»\ admix- 
1 ur(‘ NNith ot h(‘i' substan(‘(‘S as 
is the ease* also witli the* 

('oinmon broom. 

77o“ (UnH)H(Xi lin^nni (*SVire- 
fhuHi h //.S' >tc(>iKii'i as ) ( I ). - - OI 

this ])lan1 only tlieuppeu', moi'e* 
temdeu-, portions can be* fed to 
horses and cows. AeeMM’ding to 
F. Ma(;h, the*y e.ontam \vhe*n 
gre*en : vsater r»7.4 — erude* 

protedn d.l % (of v\ hieh t.b ‘J,, 
is elige‘s1ible) — ea ude* fat 0.1» 'J,, 

— N-fna* e*x tracts % — 

cruder fibfe ll.G — erude* 
ash l.g 

Prof. ir. (tOIttn ( 2 ) state*s 
that this forage should be* 


in; 

made b\ 
water ‘htl.d — 
Ndre‘e e*\| i aed> I l.m; 



l‘'lt Hr.a.llOl 

I'Killi K 11 I'll i| isl Wi Ik 

Stiit/K.inl, K()^Mll>s (icm'll lii'i N (Imulr , I'lDH 


ground, mixe*d w it li eeue.al edialf, nieuste‘iied with sail wate*!*, oi‘ molasse*s, 
and allowaxl to ieMniCiiif for 12 24 hours b«*l‘ore* use*. Ih-foie* be*ing le‘d, 
some eone.(*nt.ratped feed must be added suedi a^ oil eaKe. milling offal, 
grain screenings, (•!(*. Care must be taken not to give* too mucli 
broom to stock as 1 kg. (d‘ this jilant contains about .J gm. ed spartein, 
a poison affecting the aedion ed‘ the. lu‘art. 


ol lle*ide*me‘hl 
averages of I he*se is : 

5. PS — 


(Ij (-/f, KlTiNC, Dr. M , (>]) cil., p, .{.J 

(-) H. (louiN L/lh alimviits dii bXnil ,T -13 Hailli'Tf’ (‘I I'll I’lin , IS:!.’, ]>, 7.1 
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Y(Hin(f hnrhts (1). — Tlioso often cover tlic soil ui beech woods . 
utkI oie r(‘^in‘(led as \aliieloss, shice thry will ii(¥,er ^tow into trees. 
Th(‘y ar(‘ easily uprooted and were therefore reeoniniended as a feed 
for swiiu‘, horses and a ml cattle in Germany diirini^- the war. ft is, 
however, inon^ economical 1o turn out llu* })i.ns to ^o‘az(‘, on them 
in .s'//w. 

Th(*y h avc ^emaally beem used ^r4‘en, but can also 1)(‘ dri(‘d. The 
[)e,rcenta;^'(‘ composition of these yonnji jdaiils wlnm .Ln‘(‘en and dry 
is r(‘spcc1ivc‘ly : wati*r 81.1 — crude protean 5.7-30 — crud(^ fat 
— N-lriM^ (‘Xlra(‘1s 8.4 (of A^hlc4l O.Ki % is tannic* acid)-44.7 



Kin. 10. — Willow {iSnl'iT alb(() l«raiich 

:Uul flo\oiN 

r mill I )i .\ I'lOKl. op. t‘i1 . 


Kin 11 — lla/.o (V,rfm/.s Aotlhuxt): 

hrancli. Honors ainl fruit h 

Cl Hill 1)1 laoiii o[i. nt 


(of ^^hich 0.85*',, is tannic, acid) — ermb‘ tibi‘t‘ -?.8 1 l.O — ernde 
ash 1,4 7.5. 

Fi'hHilv i n (l(nrsi‘('nc('s o/ ivillow (2) 10). — Beloi'i^lln* war Ihese 

W(U*(‘ \ ta y seldom used ; diirinii the, war, howi^v ca*, t ln‘y wert* taiiployed 
ill ^Ica■man^ as a stoehltaal, and provetl the lirst ytatr to be an ex- 
(tellent ni’ccn fnraj^e, es])cc,ially for youniT animals, 

Aecordinu to iVlAcai, these intloieseenec's contain : Mater 12 % 

— crude plot tan 5.3 — crml(‘- fat 0.7 % — N-frt*e taxtrac.t.s 16.1 % 

— criidt* libre 3.0 % — crude* a.sli 2 %. 

Ifazil valkhif^ (3) (iiu 11). — These have been used drital and 
irround as a snbslihitc for wheat bran. 

Funuic Icacis — It is w(*ll known tliat tin* ban es of I\hns corianali. 
(% IL^) art* rit'li in tannin (13- 16. 5 %) and used in taniieri(‘S. This 


) ('!' IvtiNir, l)i M, o]i cii , |i .’> » 

■Hi t'f Km\o. I>i M , op I'lt . |) 

* ( ! 1 Ki.iNt.. I O' M . up ( II , ]> 1 r 



% 


VEE1> Fi>li LiVK sr(f(l< 


ln|i 


irce is a native of tlie <lry and in particular llic hoi reuions oi Soutli 
Europe and leni])ejii1e West Asia. In Sieily it is I airly (^xli^nsivoly 
grown. Needless to say, tlie leaves Avhelher fresli or dr> are, imless 
previously tn^ited, totally unlit lor a sto('k leedand indeed no aimiialvS 
will toueli them. During the war (1), hovever, 1h(‘S(‘ h‘:i\(‘s alter 
being freed from i-aniiin by soaking in water ami diic^l w(*i(‘ juit on 
the market in (Termaiiy. Aee,ording to ta\o analyses made 
tively by TlASKLiroFFaml A. 8oHOLn, tlu‘> eimtairK'd : water 10 1-0,7 
— crude protein 9.7-10 % — crude fat <S.‘J-0 7 % — N lr(‘e (extracts 
40.0-45.5 % — crude libre 19.;Mil .8 — eriide ash JLh7 9 ;» 'h,. 

In com])osition, th(‘SJ‘ residiu‘s resembh* oak leaN(‘s. As Iluai’ 
effect upon animals is uidsiiown, t]i(\\ mnsl la* led with cant ion. 

The following I able gives tlie a,verag(‘ peii'i'iil age oi the dried 
leaves of various jdanis tlial can be use.d as a sloek f«‘iMl, I’hi* 
tigures ha\'(‘ laam taken from E. Tott (op. (*il., v oh II. p. ;;os et sipp) 
who has obtaim‘d them trom Mn^ data siippluai b\ se\(*ral aiilhois. 



^k; J2. — kSumnc : l)rfmcli, HoworH 
hiilI fruits. 

la, V. riOKi, ()]> (it 



JOu 1 '» — ,\^\\ [Fi'i I HiiJ'i inihiifr). 

|)i aiicli. Ilu\( ^ 1 and fi ml 

I'inlii I’.UITTIM \ 1)1/ (li -Ui 

iaiiM, I . V .dl.inli, I'Mil 


(1) Cf Dr (*f» ( ii , |). 17. 
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Vomposit/ion of the dried leaves of various plants. 


Sp<M‘l (‘3 


Alfici , - ■ 

l.nnr 

hUtii • ■ 

i rorflt'-( 

Hri^H . 
rV)fiUn 
Nettk' M't'i! 

Ash (liu III) 
riiin«‘ 

llrw nluMiii 14) 

St!i \ M‘0 lijor 
1 Irc'cli 
Ihrcli 

Oak - • 

Willow 

lldhinm pBiMKhuMrui 
rniimion iii.ipK' 

Miilhcn V 

Spanish Cheshuil (I'rosh 

Mistloloo (wilh h('iTirs) 

Fir ff^rccii lUiodlfs) . - 
Spnif’o ((lr> iio«‘ill(“^) 
Miathri (I’roslt tipH) 
lIc'HtIuM (flruMl rifw) 

MnU' Iciii (silamnl) 

Al^iu* : 

Fuf'iiN 1 1 " 

I-'}u'K'^ ,s(rra/w*’ 

JjininnnrLd i.'^cuhniti 
Zost'Tii nianud 

I/l('hlMlS ' 

(\tninif /^luiithni 
('ladi)nitt i'm<jijtrnv\ 
h<i}fnit(i . • - 
Ltritnow (K''ul'nt(i 


Dry 

MtroKen- 

OUB 

CriKlH fat 

N-frce 

Crude 

AbU 

null tri 

matter 


extriirtp 

libie 



1!» S 

2 0 

4S 2 

10 2 

4 4 


1(1 2 

2 0 

4 1 2 

12 2 

11 4 


1 .1 1> 

2 0 

40.0 

S (> ' 

10 7 


1 4 7 

2 0 

4S 2 

14 0 

7 K 


n s 

{ 1 

2 1 4 

10 0 

0 7 


12 t 

1 1 

20 2 

112 

S K 


12 2 

1 S 

14 7 

10 2 

15 7 


10 1 

2 2 

20 0 

S 0 

7 7 


0 s 

1 4 

17 7 

17 (» 

1 1 4 


S 7 

2 '2 

2 0 0 

12 1 

2 1 


7 r, 

1 (• 

2 0 0 

110 

S 1 

S 1 (i 

r» (t 

2 1 

1 7 0 

2>t 2 

.2 8 

Si .1 

1 i 

10 (1 

1 2 7 

2 1 2 

2 2 

sr> j 

1 1 s 

2 S 

4 1 0 

20 <• 

4 1 

■s-j s 

n .. 

2 <) 

4 1 1 

17 1 

7 0 

ST) •{ 

J.i 2 

2 2 

2(. :i 

2 1 7 

1) 0 

s:> i 

10 2 

2 4 

12 () 

1 s 2 

S 0 

s.s 0 

10 ( 

1 1 

10 0 

(» 0 

11 0 

heaves) •'>4 0 

•1 2 

1 1 

22 0 

1 0 0 

2 4 

sp 

1 :» 2 

■S 0 

20 2 

20 7 

S 7 

42 1 

2 2 

4 1 

22 2 

1 1 2 

1 0 

ss 0 

, 0 4 

« 2 

4ti 0 

2() 0 

2 7 

i:{,k 

2 2 

•1 2 

17 1 

1 2 (j 

2 2 

'12 7 

2 2 

.1 2 

14 <; 

,2 1 2 

2 4 

;{ i 

4 1 

0 7 

1 1 2 

1 2 2 

2 4 


7(> 2 

2 2 

4 2 

1 7 2 

2 0 

10 2 

04 2 

I 5 2 

1 1 

4(. 2 

2 0 

27,(> 

71 7 

0 1 

0 1 

2 4 2 

0 2 


.S7 2 

l.{ 2 

’’ 2 

20 2 

17 0 

15 0 


S7 2 

•{ 2 

:) 2 

7 4 2 

4 0 1 

1 2 

00 0 

:i 2 

1 7 

02 1 

10 2 : 

2 4 

so 7 

7 2 

2 1 

4 S, 7 

1 (> 0 

10.0 

02 0 

1 0 

1 0 

IS 1 

' 22.0 1 

2S 0 


In oi(l<‘r 1(1 nblain lijunes };ivintr an npproxiinatn idea ol tbe. world s 
imiiUietion of sufjar-beef residues (in tins ease the leaves and root- 
eob'ars) (he basis taken is (he average leaf and e,ollar prodneiion per 
lOb kg. id' roots, althongh it ninsl. be admitted that (his is very 



FEED FOR LIVE STOi^K 


ni 


variable, ranging’ between 33 kg. and more than doul»le i)er 100 kg* 
ot' roots. Our estiqiate therefore eaii only be approximate, siuee 
it must be based on the total average produetioii oT tlu‘ siigardieet, 
but it will give some idea of the large (pianlity id' mitnti\e substaiiees 
STipjdied by the residues of the biud crop. l'>> taking tlie avei'age 
between the extreme hginvs of Mvinkkatj (33 kg.) and ol Scminki- 
DEWINI) (60 kg.) we obtain 49.5 kg., 
or 111 round numb(‘rs, 50 kg. of 
leaves ami eollars per 100 kg. id 
i‘oots. 

In order to estimat(‘ the a mould 
of digestible nutrili\e substaiiees and 
ol' bu tilising ju ine-iples, we havi* borrow - 
ed Irom (1) th(‘ following 

average* ])(*reentages for tin* h*aves and 
loot eollars takmi t()g(‘th(*r: pridein 
snbs1ama‘s 2 — n-tr(‘e (‘xtrai'ls 7..‘> — 
fat O.L' — nitrog(‘U 0,3 — phosphorie 
aeid 0.1 — potasli 0.37. 

From these (ignres, the statistical 
data obtained from a w'orld ]>iodiietion 
of loots amounting to 17,459,510 2 
im‘tric* tons (2), tin* aM‘rage for 
1909 10 to 191JS-19, would be as I'K- 11 1 I mill t''Jl III it 'Hf h! DU 1 

follows : h.lDfu,-.) 

1 I mil I an T'l'i \ I \ lip n I 

Amount oj nuiriin'v (md jn'iiHsinif clruicuis rontoim’d hff the tvavea 
and o(dlars oj the world production e/ sufjurhccts ji>r the pcritnl ItlOO-ltllO 
Uj 191S-1‘)19 (taking the total «.s* 17,159,510.2 mctri(‘ tons). 

As jora<p \ 

Albuminoid siibstaiu'es 

N fr(*e extracts .... 

Fat 

A. S' 'manure : 


Nitrogen (0.3 '•',) 1 12,37S.5 m. tons 

Phosphorie aeid (0.1 %) 17,459.5 iii. tons 

Potash (0.37 %) 175,1)00.2 m. tons 


(1) ('f ^lUNkRATi, (). Jtr/ B<irh(thif toln, p UMP Turin, I'jiiorif Tip h^il Tr-nnoHO, lijUl 
(-) International iNsrnuTE of .XuHifiTLTUKK, I n.tf nuttvoml Y . nrhonI , of Agri ^ 
cultural Stntisticn, 11117-11118 Horue 11120 , p 811. • 


(2 "/,,) 9 19,1 tM). 2 m. tons 

(7.3 %) 3.161,54 1.2 m. tons 
(0,2 %) 9I,t)P.» ni. tons 
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[JCAYES AND IIOOT-COLLAUS or BkKTS USF;D TOR FORAGE. 

f 

N-jrer 

Album, Maierinh 


Fal 


JjFAVl.S AND lioOT-COLJ^ARS OV ni:KT^ TSED DOR MANTTRE. 


I*i)lash 


Nilnujrv 

Phosphoric arid 

I^’k. I.') — sli<»\\iii;j lln’ .iimti iI jii’odin l "Mi 

o) li'jn »‘s IID'I (ull.ii'^ nt »Si)iMI -l)t «>i 


r». — Prickly Pear vSlabs il). 


Tlu‘S(‘ jiTE iiol n ](‘si(ln(‘ projM^rly so )ml a ]>lanl i)ro(liu'.l \(‘i‘y 

})loji1)iru1 iij (ua'laiii (‘-ouiil r'i(*s and ol)l.ain<*(l (‘S|)<Ka'all\ Ironi s[M*(‘i(‘s oi' 
wild Opaalia, which do ind b(‘ar < 4 'ood Iriiil like (he Prickly lN*ar {Opun- 
tia jirus indica) (1i^. 10) vvuUdy cult.i\at(‘d lor ils Iridl in Sicily, Asia 
iSlinoj*, AnuMica <-tc. (Tin* slabs (d lids too hav(‘ Immmi iis(mI I'roin lime 
imn)(‘inoi‘ial as a t(‘cd for (‘atth*, slice]) a.inl i^oat-s, ami are in this semse 
a residue liirniMl lo stock-raising' piirposiss). 

In a S(*ries of (‘vperinienl s made in South 'Ti^xas nmha' tla^ direct ion 
of flic P>iir(‘aii of Animal Industry of the I )(*])art immt of Aj^rienUun* 
oi th(‘ United Stat(‘S iis(‘- was madi* for .*» years of the slabs id' ()])initia 
pommn, (). rpanrUa, etc,. Their a\'era.ue (*omposition was : water % 

eriidi‘ jnidein 0.58 % — alliiiniinoid ])rot(‘in O.liO ‘X. — ether 

(1) (’f : li J(n(rti((I of A<jro olforoJ lOi^amh, \ol l\, Xu /), uii, nU;'* — 

il) iHstituii ot SnoK'r ond hulu'-^tnj, Jiulltim Xu I'J, AhOlxuu nr , nilil I}) Qin t n'ilond 
^'\f/ririi1(nuil Joo))i(il, Vf>l, VI, Pm I J\', UlUi Ij Dcjinrttm tU <>1 .['jn'roIOt r( , JUtmhay, 
JJulUtm .')S, nonih.i'., ISIll - - To iVrtv Mt rirn ('off <t) Atir nnd ]\L>rlt<in J;C., Aijr Krp 
Siiii , Huff Nu HI -\ll»u(iii(‘rf|iu‘, MKI7 HI 1) (iiti i'I'Iths (J X l)< u i'f A<ir , Huroau 
of I'fdtit hid, Huff No 121 l!)aS; Funm r\ liulfttm Xu 4S‘5, AVashint»toii 

11112, Jind Nu. 1072, \VnHlijiu/l.un. 1020 - 7) S Hu sn 11 Eicu triiidiiv in Sicilin, PiiUthio. 

1 S79 - S) Dr (1, (in vs'i’i', nr, \ Coltiv dul Ein. d'Indin, EatnnuL, IlnMinlu, J9];i — 0) ilu- 

lUTz Cir T' . Pricklv I’uur tw ii Eudd*‘r fur Stuflc Uept of Aip Union of South Africa, 
So. Buff .Vu 10. PictuiiM, 1020 10) \ V' Han.m vNTi^ E\]) of Pm-kh an 

EiTi('r;:eiu‘v ( lull In- Eur)d The Aqr Journ o/ Tinfnx, Vol X\'ir. Part, 1 V, Calcutta, 1922, — 
ll^numplui dn (lunlu.s pour I’uinn dcs unnn, Su])iif au No du Buff dr VOff du Oouv 
(jhi dr VAliprn IHIO A SihAu mjd E X S AV\Futi<:N Prinkly Poar, its vain u 

08 , a fuddu] for sla 0 ]j. Jhiion of South Africa Jhpt. of Aqr. Bull No. 4. Pretoria, 1922. 




extract 0.12 % 
iish 1.76 %. 

Th(" best rations for ilairy 
I'ollows : sorjL^hniii bay 1.5-2 
(‘otton-seed cake. 0.5 k^., 

<*utl oil-seed cake 0.0 k^'. 

When led alone these slabs do 
llioiij^li they have no bad etfect 
upon th(^ milk, they slif^hlly rediua* 
ils tat (‘ontent. They shonld not 
be ^'iven in larger (piaiitities than 
27 kg. ]>er heail i)er day for Tear 
ol’ producing diarrhma or even a 
rtMluction in live weight. l\M‘ding 
<‘Xi)eiinients made on sheep at tin* 
(boot font ein vVgricnltiiral College 
in South Ali'ica (1) have* shown that 
sheep led on 12 lb. ])er head of 
these slabs for mor(‘ than 250 days 
leouireno drinking- wat<‘r. This baal 
wos, how’<*v(‘r, siipphanent ed with 
substane(\s ric.her in piottan, l(»r 
insta-iice, Ineerm* hay. 

OpHniiav thus save drinking- 
w’at(*r \vhi(di remlers them inva- 
luable in lim(‘s ol’ drought. In 
an (‘X])erimeijt made with (*atlh^ in 
Ciiuanisland (Australia) slabs ol 
Opuntia imruiifi (aspineless variidy) 
1 hat had not been scorcluMl or singed, 
wen* b‘d and no Avat(‘r given lor 1 
months, but from 18.2 t-o 20.5 litres 
of liquid a day AV(‘re oblainc*d by 
th(* animals from these siiciailenl 
stems. The b<‘st. eomjihanent ary 
li*(‘d was a small (pianlity ol Incerne 
hay and oil-cake. 


IIU 

hbr(‘ 1.16 ‘ 

wiM'i* as 
ground 
ground 

results, for 



h’n., n; — I*rK‘kl> 
Kiniu I’ll op »i! 


may slightly increase tlu* milk 


Opuntia hurmis must never 
be given alone, as it decjeast's the 
fat content, of tin* milk, although 
yield. Jt is not siiitei to nursing-ew cs, or to lambs. 

In llritish India, lloiiN used cho])ped S|uny sla))s trom which the 
spines had been r(*niov(*:l by singeing. I'hey wane led lot 6 months to 
steers in the proiiorlion of 100 parts slabs to (> parls of cot 1 onse(*d, and 
at the rate of 7.2 kg. prr head and ])er day. Th(‘ animals throve on 
this ration, as did also some ilairy cows and buflahx^s t hal weri‘gi\en 
6.3 kg. of the saiiu' mixhirt'. 


FEED FOR LIVE SrO(lx 
— N-free extracts 4.67 % — m ud 

cows (per head and per day) 
.7 kg. i prickly-pear slabs 27 15 kg. , 
oj- tdse : juickly [lear slabs 50 k . t 

not givu‘ satisfactory 


(1) Cf. The A'jr. (iaz. of Nvw Sunth ira/r,-, Vol XXXIV. CaO J. -J u>. ) I S duty. 
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Tli(^ r(‘si<liies of Iho odiblo Prickly P(‘ar fruit arc the skins which 
c,a,n b(* f(*-(l fresh, e,si)C('Jally to pi^s. 

The ([uuiitity of skins and seeds constitute a considerable pea (‘entage 
of tlie fruit (‘specially in Mcixico, the original home of this cact us, where 
the residue amounts on an averaj?(‘ to 50.18 %. Bot-li the slabs and skins 
are f(‘d fresh, as tlu'y (‘an neither be dried nor ma(l(‘ into silage. In 
Italy, and oth(*r Soutb Euroj)ean count ri(‘S, and in Xorth Africa, where 
tli(‘ prickly ])(*ar grows widl, its stems can be used as a su|)])l(un(‘nt,- 
ary, or (‘m(‘rg(‘ncy, stock teed, esiH^cially in sumiu(*T, altliough tluy 
must not be given (‘.xclusiYcly oi* in the form of a basal rataoii. Care 
should be tak(‘n only to us(‘ slabs li or y(‘ars old, as when younger thejy 
(‘uus(‘ (liai‘rho(\(, and llu‘ old(T st(*ms l)ee()me too tough. The spines 
must b(‘ biunt off and tin* slabs cut into sli(‘es b(‘for(‘ they ar(‘ fed. ^ 

\ 

L. IJruuA^’K’s (J ) im]Jori.ant work on Opuniia is weIl-known.\ 
This (‘(‘l(‘bral(‘d |dant“bjvo(U*r has suc(‘e(Ml(‘(l in erealing a spineless, 
cactus with a. vi(‘w to its us(* as a foiag(‘ plant in arid r(‘gions, but, as 
it is not a wild j)lant it, do(‘S not (‘or)ie within t h(‘ s(*o])(‘ ol this woik, 
and is t lu'ndoia^ merely menliom'd h(‘r(‘. 

6. — Marsh and Water Plants (H). 

Th(*se an* g(merally n‘gard(‘d as us(‘less, or at best, an* (*mj)loye(l 
as litt(*r (3). 

()n(‘ ol the marsh ])lants most suited for forag(‘ is the P(‘ed-grass 
(riialaris arnndinavva L.) (fig. 17) which giv(‘S two or if manunMl, thj'ee 
croi)S a year. It, attains tin* height of 1.80 m. Tin* Ke(Ml-grass must 
b(‘ cut b(‘fore ^lo^^ering, otherwise it b(‘(*.omes too hard. 

(1) Lir niKK HiiiiHANK, Hih Mot hoil.s and I )isoovri i(‘s ai.tl 'PlitMi’ l*raf*( ic*iil Applicui ion, 
V\)l Sill, Uiirlmnk I’rosy Xinv uml l^oiidoii, J'J14 

(L*) Ct : 1) Heykino 111 (ftorijun. Year S, Nos aTi 3h Koln^h^uM■L^ l*)ir» — 2) Ktitz- 
DOHKh imil JiDrin:!! in Ldudw Jdhrhurluj , A^ol 4S, No 3, Horliii, JUir) — 3) PEUrii.E, \V 
lif'iiraiff -ur Kru (/sirirtsrhoft. Tarts 34-3S, Oio Fisdic in dor KrjejjswirtKcliufl J^rrliii, 11118. 

4) TAKATNjrjE, II T ill Thf I Joufual of India, Vol XV^, 1‘iirt HI Cal 
oiitLn, ll)2(» - o) rioioitrNO lias iloviscd a iiiotliucl of inakiiiR In Ir-s for fool from marsh 
lilaniK (‘ 111 , mill piotos of 1-3 (mu driod tdl they (»rd> eonlaiii 8% of Mator and pressed 
The heal intj; po\^er of this material was 4(U)0 eiil and it ran also la* used in si earn- 
oiip:iiu\s (Tl KoM-Eii, Dr '^I'li , op eil , p. 3S) 

( 3 ) \s an imiiortani Inslanci' nun’ ho meiitioiiod faloKco, ii mivtiiru of marsh plants 
much used us liKer 111 1 he eoiml r_\ disli lels of Tiaa and Emihii Aeeordiii^ to Tnd F SttsTTNJ, 
It i.s ehietlv eoiiiposed of the follo^\lIl;; species . l^hraqtmtvs coinrminia — Scirfnta mariiimvin, 
S truiiuUr iSpanjanium ratrifusufi Cyfui'Un longun, Alunti . — ('anx paluduifo et.c. — 
Olya via aif iiatica — Jiniru.s anccjKs, ./. T'-arytya, c-te — Suyittarffi snqitiifuha ~ Cainhwsa 
aqiiatica — Tyjdta lati folia, T any ustt folia, etc 

\eeordiii|.' to tho same author, the avorof^e porefiiitap- eomposihon of falamo is as fol- 
lows: water 14 94 --- fat 2 72 — fibre 23 52 — protein sub.Ktanees 4 77 - - carbohydrates 
and noii-piotein snbstanees (per difi ) 49.37 — mineral substniices 4 (58 In 100 there 
are' total nitroyuui 0 81)3 - jihosphorie anhydride 0 279 — pota«h 0 85(5, sodium chlo- 
ride I 344, seeondarN constituents 85 

This marsli yirodiiet can thus \^ell bo iisod for stnck-feodinu and as a litter, otherwise 
it aeeumulutes and foiiiis pent {(^f A UmiTTiM. DizUnario d'Ayriadtiira, Vol J, F. 
Vnilardi. Milan, 1901, p 308) 
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TIh* Coininoii reed (Pliragmiies communis) (fig. IH) ean be out two 
nr three times in tW‘ year. It is chielly fed to lu>i\S(‘s eitlier ehopx)ed 
irreeii and mixed with straw, or else dried. Like the He(‘d-graSB, 
Phragmites rojumunis is fairly ri(*Ii in nutritive ])riTi(‘i])les. 

Belor(‘ the m ar,dt: was used in (Germany only as lifter, or for Ihatnh- 
ing rocd’s, but during the war, it, served not merely as a, loiage for eattle. 
and horses — as has b(M‘n said — but as a substitute for eo1Te(‘ and a 
source of saccharose. 

If the reeds ar(‘ cut Indore they flower, cows and sheep eat them 
r<'adily, but. once tlu‘y ha\e bee(une lignilied, their forag(‘ value is 



I’Ki. 17 — I U'ca-L'i US' 
f 't HIM I )r A I Kij. I (i|,. ('ll 



l''u. IS - (’ojiiiiiHn irofl 
KlOlii IM A 1‘ MIKI, r*f) (“Jl. 


h>s1. Th(* u])})ei‘ part of tin* hmmI whiidi bears most U*aves is more va- 
luable than the low(*r i)oilion, and young plants are tlu* most useful. 

Young air-dried reeds contain : water b.(S % — <*,riid(‘ ])rotein 
L'b.l % — ash 12.-1 % — digestibh‘ albumin 10.7 In his <^xper- 
mumts on land)s. ]M. IJo.ncumi* obtaiiuMl lh(‘ following c(Kdli(aents of 
digi*stibility which are by no means high : organic matter ;t % — 
crude protein db.r) % — crude fat 35.1 % — N. IriM* (‘xtiacds 20. ti % 
%• 

During the war, the Kriegsaussehuss fur Drsatzfuller ” (War 
C ommission for Forage Substitutes) had a food pri^jiared which was 
called '' Schilfrohriiiehl ” (Heed flour); it was made from Avell-devel- 
oped plants and contained 5-9 % piotein and 30-59 % cjudc fibre, 
its nutritive value fieing about the same as that, ol straw -nu‘al. 

Heeds make vei^Y good food for cuttle and hors(*s ; they tkhmI j^iot 
be ground when fed to tlu^ latter. The flour mixed with the tips of 
very young r(‘»Mls is the b(‘st form in which to b*ed thmn to ])igs. • 
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Floatiug Poa (Olyceria fluitans) (fig. 19) grows ia stagnant or 
slow-rnnning wat^^rs. Liko the other species, 0. aquativa and (j. s'pcc- 
tdbilis, it is eaten with avidity by stock. 

Tlie following are two analyses of the whole plant oi Glyveria aqua- 
tioa : crude juotein 11.2-10.0 % — pure albiuuiri 9. 7-9. 2 % — digest- 
ible albumin 7. 0-0. 6 % — f at 2. 5-2. 6 % — N. free extracts 37.7-11.2 % 
— sugar 7. 7-9.1 % — (‘rude fibre 27.5-20.9 % — mineral substances 
9.1-6.7 %. 

Tlie following idants w(U‘(‘ also used during the war as a stock- 
feed esi^ecially in Oermany, wduTt* they wen* gham gi“(H‘n or boiled 



Fid — (Hycvrhii 
I' Toiii Di , Kiolil. on. ( il 



Fn;. 20 -- Vrllow wutor-lilv 
From 1)1 A I’loRi. op i it 


to swine and xxmlti y : Nuyhar (yellow waler-lily) (lig. 20), Njfmyhaea 
(white water-lily) (lig. 21), l)u(‘.k weeds, ami Watercress and Pondweed. 
also ^Salriuia natans (fig. 23) Hoff, 

l)uekwe(*d (1). This name is given to the Lvmnactne. a lamily in- 
cluding se\eral genera (/^o/r/m arrhiza, L. gihha (lig. 23), L. monorrhiza. 
L. polyrrhiza and Jj. trisulca), all common plants growing in ditches 
or ponds. Th(*y rorm a food Avith a high watei’ contiuit, but the 
solid ])oilion is rich in nutritive substances. 

A. Mayer stales tlcat the com])OSition of L. trisulca when fresh 
is as fidlows: dry mailer 5.7% — nitiogenoiis subst.anc(\s 1.8%, 
— crude fat 0.2 % — l‘r(‘e extracts 2 % — ciiufe fibre 0.0 % — 
ash 1.1 It is a good food for swine and poultry. It can be preserved 
by putting it into the silo, or else by drying il first in the air and after- 
wards in flu* ov(‘n, or drier. When dry, it suits fowls (excellently; its 


(1) (ef 11 Klinc. J)i\ M_, oj*. cit., p. 30, — 2) Pott, op^ cit , Vol II, p. 34H 
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Honcamp obtain(Ml the. foJlowin)^ coefficients of difJ^estibiJity : organic 
matter 43.3 % — crude protein 42.6 % — bit 52 % — K. five extracts 
37.6 % — crude fibre 51.7 %. This forage Jias a food value comparable 
to that of f^ood siuiiiner stubble. 

Typha sp. (Reed maces). It is well known that I liese common 
plants of the marshes, ditches etc. of which the chief species are Typha 
latifolia ((li(‘at Eeed mace) (lig. 25) and T. angusiijolla (Lesser Keed 
mace) an^ used for makiuo: mats, cord, basked-s, roofs of huts etc. 
Diiriao the war, a so(aety was formed in Oermany under the name of 
the Typha Verwertuiif^s Ciesellschaft ” for the extraction and working 




Fkj. 2r> — Typha latifolia 
From ])r. A. Flojo op. ciL 


lip of the fibre of tlieriHMl mace. The lat ter was used also for making 
materials for soiiliers’ cloaks. 

As th<* roots of the iilants are a cry rich in starch, they w(*re fed 
to swine in place of potatoiss, and a kind of Hour was also extracted 
from them. The youn^^ shoots of the reed mace can be (‘ooked and 
eaten as asjiaraj^us which they much resemble as re<^ards flavour. 

Elodea (Umadm.sLs (1). — A plant growiiifj: in still, or very gently 
flowing’ waters. It is a native of Canada. Cattle and pigs cat it' readily, 
if it is fed as soon as gathered. 

According to IIoffmiustjor it contains when fresh : dry matter 
12 % — nitrogenous matter 2.2 % — crude fat 0.3 % — N. tree 
extracts 5.1 % — crude fibre 2 % — ash %. 

Elodea can be lueserved in the silo. 

Alosses, Jjivrrworts and Lichens (^1). — The mosses herein (piestion 
are the Jhig-mosses (Sjiagnareae) that live in wet and marshy places. 


(1) C'f. Pott, E, op (.-it,, \^)1 IF, ]) 1147 
^(2) Pott E, op. c-il , A^>1 Jl. p 330. 
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When moistened after bein^^ dried, they absorb a lar^re amount of 
water. They liave been nse(l, espoeiaUy during tlic‘ wai', as a substitute 
for straw in leediufi: Jioises and rows. Aerordini: to TuKr'j’NKii lliest* 
mosses, if air-dried, contain : wafer lU.O to 15.0 — lat 0 5 io ■» 

— suffar 10.12 %. 

Analyses made at. tlie Kbni^lu'lu' Laiulw. /aaitral Versuchs- 
Station of Munich ^ave (he following li^ures : wat(‘r 10.0 — crude 

protein 11.7 % — crude fat (resius) 5.2 — X. free extracls ,12.1 'V, 

— (*rude 1il)re 35.1 5.3 %. 

As repirds 1h(‘ir c.omposilion, these mosses may b<‘ (‘ompariMl to 
pood hay made fnuii l(‘auminosac ((3‘. Klinc;, op. cil., ]». 30). 

Mosses and liverworts, sliould 1 m‘ boiled or si canuMl bcfoie ( 1 i(‘n an* 
fed to stock. 

Several speci(‘s of lichen (('elraria islandica, niralis, (Uadonia 
nmgijvnt. (Jsnra barhala, Lcvajiora vsi nlenUt cte.) ar(‘ caUai by w dd rumi- 
nants (reind(a‘r etc) and also by domestic, animals of the sajiie proiip. 

Brackish ivatcr pJanis, for example, herbs and shrubs piowina’ 
n\’cv immense tracts on the banks ami at the moiilhs <d' llu* rivc*rs 
on the West (*,oast (d India, have* also becui usi^l bn* foiap(‘. SonH‘ of 
tin* child' speci(‘s are Acanfhas ilicii<,Uiis, Arianata officinalis and 
Alcarojpns rillosvs. They pi vim (dio])ped to cattle either alone, or 
mixed \Nitli othcT' loddeis. (\‘r1ain s|)ecies of Fucus ha\’c also been 
emidoyiMl as a stock feed, espcia'ally F. rcsicniosns of which the percent- 
ape c,om])osition frixsli and dry resjicid i\ ely is : water, 37.h7 lI.iS2 — 
crude protein 0,50-10.52 — fat 1.05-3.13 — N.-free extiaets 20.78- 
41.93 — crude libre 8.95-20.00 — ash Il.l3-lth32. 

This PLUCKS can be fed, dried and prouiid, to cal lie. swine and poul 
try, but only' as a sujjplemeutarv ration. 


7 , — Seaweed and Iceland Moss. 

It is well known (hat in certain maritime countries (daj)an (1), 
Ireland, Scotland, the Faroe, Norway, etc.) ceitain kinds of alpae ha\e 
lonp and habitually formiMl an article of human diet, but such use has 
no S})t‘C.ial connection with the subjeid undej' discussion heriv 


( 1 ) J n J .1 1 mn , a v ri y mijxu la ill | nod ml cal I ml Kanh )i is o I )1 allied i loiu iiIlok* J’lns ih ii 
Knul oj ^Jiic j)i ('[Jill (ul liv lll1»lflllL^ clcniisiii”^. «'U''liiri[j iiiid Mi'iu hino [Ik^ ^l•ll^^(>cd iii ( )m^ miii, 
nflrr ulncli 1 1 i,s lioilcd iii fri’sli waloj mid I lie rcsull iiij' vi.-^i oiis Milihlaiici' i- -I raim d 1 liroii[.di 
II m>Mi'-.i‘ clot li ,uid di jinl 111 n ^^oodoll hox 1 )ii })fcoinin‘» ijclfd iiioii^ !hi<c\lrM(t i', i (ini)irc'... 
t-od 111 M h<j X \vi1 li a ^\ ij e IjoL loin mid i.s-'iics in 1 lio form of tin cuds w Im 1 1 arc din'd i u t he mi 
und despal cliod 1o llio nmrkcl Tins sidiKlmici* is used us a snh-iituit loi fish and m 

C^hinii iH nnijiloyi'd in innkijip url iticnil cdihic lai ds-ncsi s 

AnoHior loss ro fined soii\\ cod is know n le- Ftmai < H’lio iilirm* mi' \s iislu d . di icd in tlie 
sun and 1‘olled I’lm irlue is used lo mix \\j 11 j eolnui waslicH mid in I lie 1 real incnt ol [lajK'i etc 
'' Komfnt, n is a ^oik'I'k term Mji|iJu'd lo cdihle -’oiiwecds, froiii il a lm';,oi nuinlx'i' oJ )ood- 
stullH are propareil These ti linin' 001110 alino.-t onlirely tiom Hokkmdo m hori' t hc,\ urc n.illtorod 
from the loekB. 
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11 is however a matter of less general knowledge that seaw^eed 
has been led to horses since remote antiquity, and that during the world 
waj‘ it was again su(‘eessfully trieii and reeoimmdided as a means of 
supplementing the shortage of fee<ling slutfs. 

The army hors(‘s of Julius Caesar’s troops wen* fed on seaweed 
in Tunisia, during the African campaign, to save them from starvation. 
It is not known what S[)ecies were used tor the j)urf)ose, ))ut judging 
I'roju the great seaweed banks now' found on (he shores of North Africa, 
and esp(‘cially on tliose of Tripolitatiia, it. would seeni that the plant 
giv(‘n to the horses was not ju’oiKTly sjteaking an alga, but rather a 
yaiadcKra, Fosidonia oceanica (see fig. 27 and p. 218) though viuy pos- 
sibly there was a certain admixture of true si^a weeds siudi as 
narui, Fucvs spp. (de. (1). \ 

The Laplambus feed seaweed to tludr (*attle and tlH‘ inhabitant!^ 
of th(‘ (‘-oast of Ireland and S(U)tland, and those of th(‘ Faro(^ give it', 
to tluur hors(\s as well. 

As rcigards nuxbun (‘X])ejiments with forage^ st^aweiMl, wa* may 
nuuilion two studi(‘S ma(b‘ in Kraru'c by Adrian and Lapiqiui: id- 
S])(‘ctivt‘ly (13). 

The S(*awaMMl used in these n‘.searches {Laminaria fUwivaulia) was 
thoroughly wash(‘d with fresh water with the additi.m of a little lime 
(4-5 gm. per litre) and a small amount of acid to [irevent. t In* fcnination 
of mucilage, then rinsed lor 15 minut(*s and subsequently dricMl in the 
air. Through this treatment the S(‘aw'eed loses its hygrose^ojucity 
and much of its salts eontcuit., and is \ hvn known as (‘rude algine. This 
ke(q)s as w(dl as hay and retains 10 % of its sugar wheivas the 
ivpeated washings, originally i^art of the ])r()(‘-ess, reduced the sugar 
to J 

Laminaria flcxicanlis, wlum dried, had the following pere-(mtage 
com})(»sition : water 11.10 — e-arbohydrat(\s 52.00 — nitrog(mou8 
substane.(\s 17.80 — fibre 11.59 — mirmral substances 8.90 %. This is 
almost the sanu* as the (‘.omposition of oats ; in fact Adrian es- 
timates that 750 gm. of t he s(‘awe(Ml an* equivalent to 1 kg. of oats. 

The- horses used in the (‘-xjHTinumt soon IxHaime aecustonuRl to 
tins forage and digested it v(*ry well, as mueli as 100 % being pr()])ably 
available. In the ease of h()rs(\s that are not being worked, La- 
vlcqvK beli(*v(*s that the whole oat ration might lx* r(*pla(‘-ed by the 


(1) 'I'lu' following" 1 ^ Die pMs.sa^M* from Juliu^^ (‘ae.sai'H Hislorv of Die War in Africa in 

wliieli iruMiDon nuule of alijae bciiiij used a.s f<iod for the JinrueH : “ Caesariaiii 

'‘jiinvj aiinoiia Mint fontlietat i, pjibiiliiiue inopia preiru'hantur (^iin neCesHilalo crtaeti ve- 
“ tenvni million oq\nt.c>K(|uo. (jui nuilta terra inariquo holla cuiifeeiHsent ot ponriilis inopiaque 
“ tnli saepe essent eoiiHietiiti, alua e httore eolleota, et aorpia duloi eliita, ot ita iumentis 
“ OQani lent ibii'i data, vjlani oonim produeehant ” (Uihliolooa do^dj Soritton Lat-ini, Dv Bello 
Airn'ono, v XXIV, p 72(1, ■ — ■ Antonolli, Venice, IS-'hi) 

(2) AimiAN in m}(ius ili rAnKlhmi dr n NVVt v, Vol. Kid, No 1 I^aris, 1918, 

— Lapiquj , Ihidcm, Vol Ki7, Xo 27 Pans, J9IS — Df alwo : 1) J (^ostanti^ and 
F Kaidkmt Plantes i.arousse. Pans, 1922, p 2S0 — 2) Sattvaobav, C , Utdi«ation 

defe Altiiios nmniie^ O Dein, 1‘uris, ll)2(t :*.) Torandk, T. O Dernard (Vjurtois ot 

la fJeeon vert e do I icde V’^ifjof Fr Pari^', 1921, p ol - 4) P Lindni’k Ziir Aii’-'WCrtung 

dor -M(*'roalizoii, in Zttt.siJir. lur ttrJtn. Biulnifii Vol X. Lep/.iR. J922, ji 19li 
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alga. It has a rather higher minwal eontent iJiaii oats aii<l also con- 
tains a little iodine, but- no bad etleets were obsc^rved on tVeding it 
at the rate of 2-2.it kg. per head ainl ])er day. The same cannot 
be said in the ease of Fycvs serratas. The stMwtaals most eommon in 
the Knro])ean seas after Laminaria fir.riranlis an* L. sarchayina, 
Jj, Clousitmi ami Naownra Imlhosa. 

Other investigations on this subj(‘(‘t wioe made, during and after 
tin* war, by Biux’Q-l^orssTiAi', Hea^l of tlu' Fieneh Vetcuinaiy Ser- 
vice (J). In his ex])eriments on Hungarian tlraught-liorses it was ju’oved 
that thei]' oats ration could lie entirely replaced by seavv(*(‘tl Avithoiit 
at all alTecting their output of work. The horsi^s thus fed rcmaine<l 
in good condition and cv(*n imaeascil in weight. 

The seavM*ed should be colh‘Ct<‘d by ])n*ferem‘e tuwaids llu* (*nd of 
August and in S(‘j)t ember, the time it is ric-h(*sl in sugar. The hard 
leathery basal portion must be removed, and as it grows to a great 
length, it must b(‘ cut into |)iec.(‘s of ,‘5-4 cu\. 

The authoi- does not static the kind us(‘d. 

A good stock-food can be made from scawc'cd by a j)atenlcd })ro- 
cess iin’(*nt(‘d by D. (hmi Moio and 11 F. Waknixuvi: of Stockholm. 
Th(* sea\v(‘ed is washed, steamed uiid(‘r pressmc, pressiMl and dried under 
redu(‘ed t)ressnr(\ 4die exjuessed li(|unl is comantrated at low^ t.(‘mi)er- 
atun* und(‘r reduc-(*d i)r(‘ssur(‘, and the salts tliat crystal lis(‘ out arc 
sejiarated by ccuitritugat ion. The brin(‘ is then mixed with the seaweed 
that lias been ti'eated, and tlu^ whole is driial under reduced pressure 
and made u]> into litlh^ (‘-akes containing: water 5 % — jirotiMii 13 % 
— digestibh* carbohydrates 07 % — fat 
1 — fibre 1) — mineral Hubstanc(*s .'7 

.M(‘ntion should also lx* made of 
1. UiLLiTTKin’s fecMling exfx'riimuits madi^ 
in Sicily (2) w'th F/ra La(‘tHra (fig. 20) 
gatlu'ied on the shon* (d‘ Palermo. 

Tlu* seaweed was washed re]>eat<*dly 
and dried m tlu*. sun, the whole mass 
retained it^s brilliant gr(‘en colour and was 
coveicd with mannosi* cryst als. The stock 
to Avhich it was given ate it readdy and 
with evident pleasmc*. 

1. liJLLiT'rimi draws a-ttimtion to tlie 
fact that seaweeds rich in salts and thus 
injurious are relus(‘d by animals; it is 
therel ore, necessary to remove the salts by 
fr(‘rpient. washings wdtii water aciditicMl by 
th(‘- addition of hydrochloric or sulphurie 
acid at 13 % or with fresh waiter containing 
little lime, or magm*sium, since th(‘S(‘ 



(1) Cf Jai ri<‘ (igricolcct rundr, Vol XVI 11, Xn i>(> Tali'-, n)2J 

(2) J. UiLi.iTTKRi, Aliiiii'irituz.Kmr {jratiiita poi eriiiini, boviiii, (iviiii capnni, ^lli, 
ooin^li. etic. Pnlernin, 1U21, p S 



122 


PART 11. 


HubtSlancos form insoluble compounds that binder the seaweed from 
swelling uj) again. 

The process is as follows : the seaweeds, as soon •as they are gathered, 
are i)iit into baskets wliie-li are left for 10 to 15 hours in running water, 

or else into bands of water 
with a tap at the bottom. 
As soon as bubbles are seen 
rising from the surface of the 
seaw'(MMl, till' barrels are 
em])ti(‘d, tlu* S(‘awee(l is 
again washed in fresh water 
and then dried in iln^ opeii 
a-ir. in tliis manner Ls 
obtainc‘d a dajk-greeii mass 
that is easily cut and kee])Si 
well when dry provided it is' 
oit(‘n t urned over (1 ). 

(Uinaijhru or Irish moss 
(2). — This is com poser 1 of 
two si)(‘cj(‘s of seaweed Chon- 
dr ns rrisjh.s and TA. mam- 
ntilosiis llial are, c.ollecled for 
leeding to (*a1lle, es|)(‘cially 
on llu‘ northern and west(‘rii 
coasts of lT‘(‘land. They 
an‘ very rich in mucilage, 
and wdicii diy, form a 
horny looking mass, weigh- 
ing light a.nd dissolving 
lot) [)arts of air-dri<;d s(*aw'eed 
w^erc found: dry matter 81.2 — nitrogenous matter 9.4 — N.-fjce 
extracts and fat 55.5 — crinh* fibre 2.2 — ash 11.2. Among 
the nitrogenous maticrs, algim^ is prescmt; th(‘se sc^nvecds also contain 
another substance breaking u]) into galactose, glucose and fructosi* 
(J. Seuok). 

These S(‘a weeds ar(* easily digest'd. In Ameiica, a “seaweed 
ilour ” used in bread-making is obtained fiom theni. 

The glass-makers' seaweed {Zosivra marina) (tig. 27) can also lx* 
used as a stock-feed in ])lac<‘ of the S])ec.ie;s alrinuly described after it has 
been W'ashed in fresh waltu*, dri<Ml and cho])ped. Tin* results of 2 
analyses according to Dr. M. Kung (8) ar(^, as follows. 



(1) Mr n. GijUiirt.s (ill hr Mo}i,itrur Scitntif Qu Paii.s, 1920, J’urt DUO, p. 5) 

that 1,200,000 toiih of soawfod are collect mJ ou an avoratre annually in Europe 
for the iodine iiidiintry, while n much larf^or ainouii i.s n^-ed for inniinn’’ The J,200,00(t 
tons, on l)Lirinn^, lose 180,000 tons of Iheir original si fistanco ; their nutnlive value is equal 
to that of oats, while tfieir inoiiPtur\ value is ovei le tlunihaMd million liran 
* (2) Pott, E., oi> cd , Vol II, p 
(:t) Kuno, Dr M , op cit , pp. .‘IS. 
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rniViisJieif 

W .'islieil 


He.lMOfll 

he.i\\ e.fil 

W'oter .... 

H (i ", 

1 0 J ' 

(’rude proleiJi . - 

1 ,l S 

1 1 t 

Digestible jirotein 

;; 1 

1 

Crude fnt . . . 

1 '1 

1 2 

X -free extracts . . 

10 7 

\ 0 .7 

Crude fibre . . 

1 S 0 

LMI 0 

MukthI sub‘->taii(?es 

177 

1 1 7 

Th(‘ so-called Ttadand Moss (Cladottia ratujiitrinn) 

28) which is 

a liidien, wnis used in 1915-19Ui as a toi'a^e by fJ.vconi and 

riKSSK and 

also by Mougiikn and Ids tellovv- workers (1-2). 

^rh(‘ followmu art" 

two ditlerent analyses ot the jilant. 

AiialVHH 

\ li:ily.<lH 


by Co IT 

by VlolLiiHE'. 

Water ... 

1 r* : 

s 0 

Crude proleui 

1 N 

1 ,) 

('rude fut . . 

1 0 

2 

X-free e.AarjuM^ .... 

JT) s 

12 1 

Cnule fibre . . 

rr2 2 

1 J 0 

Mineitil 4ub'-taii( ('s 

* 1 0 

1 


Tins was Ird to i\ Iamb ami proved ojily poorly digest i))le. 

The Kubstaiiees aasiinila((‘d were: organic maltin’ K^.5 'Vo — crude 
ju'oleiii LM.l — i‘a1 10.1 ‘/o — N.-ri*e(‘. extracts Ih.l % — crude 
tibre 1 t.L* The liclieu passial into tiu* (‘-xcrida abiiost Avithout 

alteration. Sh(M‘j) and swine will only 
eat it mixed with olhei’ lora,,i»es bavin;: 
a pleasant, tlaxonr. 

I'his lichen is rembniMl more ajipe 
tisin;;, es])(n*ially lor i)i;;s, by bein^ 
made t,o swell tor 2i hours in a .solution 
of |)olassiuin, and thini washed in water 
to remove the jiroducts similar to tannic 
acid. 

Tt is advisablt* to use, Jcehind moss 
only in cases id ;:reat dearth id' rou;*ha.p:e, 
and to;>ive, it solely to sliei^p and eatth*; 
horses or swine di;^est it^ less well and 
it does not suit vhcm. 

Sjiecial mention ou^^htr liere to be 
made ot the use ot seaweeds as a stock — Jcc^iand Moss 

teed in GiM’iiiany durin^^ the war (^1). rnun ru.wc f:, (.j. fit. 

(1) Ki,in«;^ Dr M , op fit., p]) II s 

(2) Cf Dir Jj(indmrtftr}iaftlic?icn VerauchH-Statirmen, Vol liXXXVtU, 1910 

(3) Cf Klino, Dr. Max, op. fil., p 30 
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S(^aw(MMls were, often Found on the markets of Germany, some- 
times fresh, otlunwise dried and j^roiind. The^ most common was 
Fuvna v(‘ftl<‘,alosufi, (iit:;. 29) but other kinds, such as Fuvuh HerratuSy 
F. haUlicus, AscofthijUnm nodosum etc., were also often to be seen; since 
however, they contain too much iodine (0.01-0.5 % of the dry matter) 
they did not ^nve ^ood results .the greater part of the ioiline always 
had to b(‘ removed by wasliiii^^ in fresh running: water. 

Befon^ the war, dried ground seaweeds us(‘d to be sold undiT the 
name of Norf^it ” (b(‘(‘.ause a larj^e cpiantit y of 1 hem came from Norway) : 
during- Hit* war they w(u-e also know^ii as ‘‘ Tan^l 

In wet seaweeds, where sojue of the water had djij)iH*(l away dur- 
in^^ transpoj t, M. Kjjn(^ found : water 58 % — crude j>rotein 10.5 % 

— crude lat 1.7% — N.-free extracts 2(J.8 % — crude tibre 8.9 

— crude ash 14.1 %. 

The analysers cd' the dried i^round s(siwa‘eds ac.cordin^’ to 5 diifer-' 
enti inva*st,i^ators were as follows. 



TauKiuehl ” 
ncronlmK 
to UoN( AMJ* 
a 11(1 (ioTTyf’H 

“ T.iuuiiiclil 
aiToriliiiji 

h» M Klim 

" 'rant'll 

to Korstkk 


11 1 o 

1 1 S 

1 1 .‘1 

Oude 

(i 1 

() -') 

!) 1 

Orudo fid 

:i 1 

1 -1 

1 \) 

N^-frtv i'\(ruct/ 

oli S 

A ‘2 0 

',2 2 

Crude UI>i‘o 

o 

;iO 0 

0 

Ci'iule iisli . . 

IM 1 

Ih \ 

Id o 


% 


Looks states that he dried, ground Norwegian Norj^it “ contains : 
crude ])roteiii 8.8 - (uude fal 1.9 % — N.-free exiraets 57.4 % 

— sodiinn (ddoride 5.0 %. 

As the above fi}i:ures show, these "round seaweeds are rich in 
N.-free extracts (starch, arabinose, d-«alactuse etc. but poor in protein 
and fal. 

['[) to 47 of th(‘ N.-free extracts of lhespe(‘i(‘s of Fucus were 
dij^ested, and tl5 ‘/'o of thos(^ ])resent in Asvophifllum. The availability 
wais mucli lower in the case of other species ; tin* nitrojrenous substances 
wa‘n* ncv(‘r diuested. 


From the feed in" experiments hitherto made, it ai)i)cars that sea- 
weeds chietly suit cattle and ]u^^s, but they must not be pven alone. 
Beck\[AXN and Zitntz are of ojunion that swine, like (*-ows and sheep, 
could bi^ f(vl on t rhese S(‘awaM3ds for jnonths without, any ill effects. The 
mtat and fat of the animals thus fed were in perfect condition and free 
frpm any special smell of s(‘aw’eed. 
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Owinff to the volume and weio-ht of the fresh seiiweed it does not 
* pay for transport, but should be eaten on the spot ; u market 

could however be found for the dried j»:round product ot its price were 
lower. 


8. — Weeds (1). 

ITnder this head an^ to be understood all the wild luMhaceous 
plants often found <’Towin» auion^^st cadti\ated plants, (‘specially it 
the soil has not b(‘en ke])t 
clean duriiii*’ growth by weed- 
in'^ and h(xdn^-. 

Weeds, howevtu’, from our 
point, of view, cannot be 
i‘(‘«ard(Ml as useless, (»r (‘,ven 
harmful, for inaTiy ot them 
mak(^ exc(dlent fora^‘(‘. 

For (‘xam[)h*, tli(‘ waM‘ds 
iirowiiiij;' amidst th(‘ win tin* 

(■(TCals contribiile largely to 
increase the nutriliv(‘])roperty 
of th(‘ stuldile when mown 
with it. 

fc^onu* plants imiy 1 k‘ i'(‘<»’ard- 
(‘d as beinii’ m a s(*nst‘ the 
residu(‘S of different crojis. 

These should b(‘ turned to 
ac.eouut as soon as they are 
sulhcient.ly developed. 

During the war, the, us(‘ 

(d' these weeds was ^i(‘atly 
intpensilied (‘very where, but. 

(‘specially in (J(*rmany, where 
tlH‘y w'ei'e t he object of many 
exi)(‘Tim(‘nts. 

Thus, for iiistan(‘(% in the 
Palatiiiat(*, tof^ether with 
chojiiied vineshoots, th(‘ follow'inir spe(ii(‘s waue fed to coavs : the Lesse-r 
r*indwe(‘d {Conrolndus arrrnsis) — Whit(‘ (loos(*fool {('hmoixHjt utn 
(ilbum) — ('hickw(‘ed (Strllaria media) — (heepin^' Thistle {Cirsiiinf 
nrvenHc) — Common iSow thistle (Soiielius oleracriis) — Annual MiMcmiy 
( M ere u r i o I is a nn u a ) . 

When dri(*d, tlu* min(‘ral composition of lJi(‘ above plants is bet we(*n 
tin* followin.u' minima and maxima: nitrogen 1!. 77 4.15 % — jilios- 
phoric acid 0.85-2.01 ‘JJ, — potash 4.01-11.78 — lime 1.05-5.50 H,',. 

(1) ("E. • 1) Klinc- Ur Mux in Dit Landw. \''rr'iurh<i-Statiijnfn, vol X‘K Curl (> Itcrliii, 
1914 — WKirn'i.i. M i\\ bjnlnUiriil tor Ltnultnnin I, Xu. 

pStoc'koliu, J91K — :t) Hansex 0 t Ml.z in I)r}A,t»rfu' LandwirtscJialthrln’ •>!>( , Vcnr 4!1, 
No. 22 Ucrnn. 19 Ki • 



Fin 2;l. — Fitruh lu't^icnlonus 
From FitNNC'f:, op. rit. 
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PART Ih 


All, except the hist plant, can be fed fresh to dairy cowt;. These . 
weeds can also be in (before their seeds rii>en)^s green inaniire. 

ConchgrasK (Agrojtyrnw reqnrns) (fig. 30) which is so relentlessly 
combated as a nnilly injurious weed, makes a good forage having a 
nutritive value very near that of hay. When dried it contains : crude 
prot,(‘in H.3 % — fat 1.2 % — N.-free extract 62 % — fibre 16.5 % 
— ash 5 % — wate,r 7 % — starch value 37.3, comjiarable to that 
uf good hay. bive- stock (es])ecially horses and sheep) eat it readily. 

Nidtles (IJrtica dioicn and 17. urens) (fig. 31) make an (‘xcellent 
forage whicli is fe,d dried, cliopped 



>'i(j '. 10 . — Concligrnss. 


Fi(i 111. -- Notllo {Crt'irii dufiva Ja ) 


Fioiii Khon (r. I’liuiles iuimjl)l('s A Vdfzii- 
CiMjlliric, I’.ufs, I‘)I7. 


I'YiilU llKl TTIM \ , tip. Ml 


iu‘itles form a stimulating jionltry food. The average jierciuitage 
I'oni posit ion of t he t wo species of net tli*. is as follo\NS (1). 



drtini di(nca 

yinni^r 

l<rticii iirrns 
(iij till! dry 

I natter! 

Dry matter 

.SS f> 


NitroL'OjioiiB 

1 s :t 

1(1 H 

(Viide fat . . . 

7 7 

I N 

-V-freo extract 

s 

41 4 

( 'rude celluloMc 

1(1 () 

14 0 

.Vb1\ .... 

U 0 

1 :i 0 


In Vrtira nnns, the. digestibility piTcentuge ol the nitrogenous 
mat ter was found to lie 90.8. This plant contains stimulating substan- 
I'es that increase its nutritive power. 

In (lerniany 'Settle flow has also been recommended as a stock feed; 
tfcws meal was probably the residue of the, extraction of the textile fibres 


(I) (’f I’ori, K, o]). oil,. Vol. IJ, p, 29.S. 
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of the nettle, but it has now ])een recognised that the Hour has no food 
value and must be r 4 ‘garded as roughage. 

A distinction must, however, be drawn between the true residues of 
textile libres which (a*Ttainly have no food value and the leaves and 
fruits of the nettle. As ndilv-fibre was largely used in CJermany (1), 
during the war, these were obtained as waste products, and after 
drying Ihey make a good stock-feed. 

The following are 2 analyses u\ (Jrliea (Uoica : 



Aererdmiu' 

Afi-ordiun 


to J, Watti ; 

fo CfillRTKll 

Water 

12 1”, 


Crude protein 

2 1 i 

2 1 0 

Crude fat .... 

4 4 

2 3 

Crude libre . . 

1 0 a 

SI 7 

Minend substMnoe'- 

20 o 

1 0 n 

N-fr(*(i exIraelM 

3 1 3 

3 3 7 


lls stai'cJi \ alue. is 4;i and ils nutritive value is (‘(jual to that (d‘ 
white clover. 


This Iced suits all farm animals, 
draught horses and ])oultry 11 is l)est 
given to ])igs eookcMl. 

JvLlJSG ex])ress(‘s a tear that the 
n(*ttl(‘ seeds wliiidi jiass into the fai‘(*.es 
may a ft inwards iind their way to the 
Helds in the manure, and thus thiMveed 
will be spread 

A. Momo (2) has recently made 
some (‘xjierijuents in feeding nellies 
to chicks. Tie obtained better results hy 
mixing nidtles and bran into a paste 
(using eipial ])roj)ortions of each) than 
when h(^ sulistituted crimson clover for 
the nettles. 

Among weeds, are to be considerinl 
Kerns, and especially the llracken 
(Vierh aqnilma) (fig. 32) a common 
plant on waste ground and in woods, 
though it is sometimes found on eidti- 
vated land, espeiaally if recently ideared 
of t,r(‘es. 


and (‘specially dairy e-ows. 



Fit; 32 — lirackun 
Kroin liiUTTTIM \. t)]) cjt. 


(1) I’f. Dr M, oj) cit , e 17. 

(2) Cf Li iitaz SpiTim Aqr. Jt , Vol. LV, Parts 10, 11. 12 Modf-iia, 1022, p, 4^0. 
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Aci'ordint^ lo Woi.ff fresh ferns conlain: water 25 % — ash 4.87 % 

— phosphorie anhydride 0.37 % — ])(dash % — lime 0.56 % 

— magnesia 0.31 % — sodimn 0.18 % — sulphuric* aeid 0.17 % — 

silic'a 1 % — chlorine 0.37 % — and, according' lo various analysts: 
0.0 1.0 % crude juot.ein ; 0.1-0. 7 (*.rude fal ; 5.9 0.1 ^\-free. (^xlra(‘t; 
5. 0-9.1 % hhre ; 1.7-3. 3 ash. A lar^e i>art of the X.-free c‘xtraet 
consists ol starch. In the dricMl fcun WoLcuiEii has found : water 
(>.65 % — fat 4.70 „ — protcun substances 12.12 % — carbohydrates 
16.84 — fibre 24.13 — mincual substances 5.25 

Hrackc'n c.an be used as a stock leod, espc^cially for ])i^^s (up to 5-7 
kj 4 '. bein^* fed ihm' 100 kj^*. of live-wei»ht ), it wavS employed for this pui-, 

pose in many ])laces durinj^ the 

swine, in Anjou and IJrittany. ' 
The (‘dible ]iarl ol tin* |)lant is 
the root wliicd) is (‘asily (‘xtract- 
(*(1 ; it has becm c*atrn also by 
man in timers of famine. Cows 
ho\vc‘v(*r do not like* it on 
ae-couni of its bittc*r taste*, but 
]>i^^s after a time be‘e‘ome use^l 
to its (lavoiir. 

Not- more than 4 k^. pt‘r day 
of this root may be f(*d to young 
pigs, ot h(‘rwise serious inte‘stinal 
distiirbane^e is produced. Ac- 
cording to analysis made at the 
^ni^e*rsity of Konigslierg the* 
root e*ontains: dry matt e*r 12.1% 
— crude* albuminoids 1 % — 
])ur(* albumin 3.(> '‘f, — X-tree* 
extrac't 2S.7 — ash 1.7 %. 

The stems and leavers of Inacke'n an* only suitable* for litteu', for 
lu’edecting de*lieate* plants from the e*e)lel, for pae*king material and for 
filed (1), 

ilKumei advises the* yeiung still unrolled fronels oi 40 50 cm. in 
length as a fee*d for young pigs, lirst se*, aiding the* fronels in boiling 
water ami mixing with a few ])otatoes. 

The r»u1te‘rbur {Tdasitrs offiritialis Moenrh ) (tig. ^3) (2), — Much 
use* uas made* of this plant in (b*rmany during the war, he leaves 
amt inllorescerie'es be*ing fed, ehoppe*d ami boiled, te) swim*. 

Ae‘Coreling to the re*se*arches ])ublishe*d by the Prussian ^[inistry 
of Agriculture*, the* leaves and intlore*se*enee^s of the Butterbur make 
a ve*rv nutritious fooel that can ))e given to pigs without any addition 
of me*al, or liran. 



Fi<;. iri - Uut,t('r)jiir. 

Ii’imn I'Kwe'/:, op, cit. 


(1) Cf A. Hhi'ttim J>i/.iorifii‘io rli Agrifoloirn, Milai Dr K Vallurdi, 1!>01, Vol. I. 
(l!) ex Klincj, ])r m , (j}) rii , p 31. 
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The Water Soldier (^Siraiioies aloides L,) (li^. 34) (1). — Even belore 
the Avar this plant was iistMl mixed Avith potatoes lor a jdo' IVod, 
especially in the viTlley oT the Oder, in Vonierania. wliere it ^rows 
very pleutilnlly. Dnrin^r the war. it Avas naturally still inure (Mn])loyed 
for this ])uij)ose. 

Fi'rnn analysis niad(‘ at the Koslin A^Tieiiltiiral Station vitli tin, 
objeeli of directini^Mhe attention (d a^rieult mists to Strnliotes it contains 
Iresh : water 93.2 % — (‘rude j»nd(‘in J — 

crude I'at 0.1 — ^-lr(‘e (‘xtrael 2.1 — y 

erud(‘ libr(‘ 2.8 — ash 0.5 %. 

) 


Many other \vt‘eds be.sides t/hns(‘ alnnidy 
mentioned can la* used as lora.^e, as is jiroved 
byihefaet that larm animals (‘, at t Inun (d‘ t hOr 




Flu ;M. — SulUn 


I'lr; lift -- HiinJvvoed. 


Finin i' |[AV( up ( It 


From (• , up «'!( 


oAvn accord. Since it is im|)ossible to (*numerat(^ all those jilanls which 
were more or less in ^^eneral us(‘, during the war to siijijily tin* lack 
of ordinary af^ricult ural and industrial foods-st iiJTs, we Avill name a 
few of the species most uscmI in Germany for feedijif^, fresh or dried, 
especially to dairy coavs. 

Of the different s])e.cies of weed studied by M. Klijn'G (2), the 
Lesser BindAveed (Convolrnlns arvmsis) (^i^^ 36) jiroved the most 
A^aluable. The Annual Mercury (M trrurialis annua) is spite of its 
hi^jh nutritJAe (pialitii*s is refused by stock, so merits no further 
mention here. 

Fungi can also sometimes be led to stO(‘k (3) : specimens infested 

(1) (’f Klinu, iJr M , (»p cit . |) 31. 

(2) Cf Klinh, Dr M.^op fit , p 'iJ. 

(3) Cf . 1) Klus<., DrV\f, op c-n . p. 101 — 2) I’orr, Dr E. op oir , Vol II, 
p 35.3 
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by larvae- or sj)Ccios not nsed for human food being employed for the 
purpose. 

Pott gives the average percentage composition of fresh fungi as 
follows : dry matter 12 — nitrogenous substances 3.5 — fat 0.2 
— N-fr(^(‘- substances 0 — crude fibre 1.4 — ash 0.9. Pried fungi 
hav(^ the following average percentage eom])ositiou : dry matter 
81.5 — nitrogenous matter 24 — crude fat 1.7 — N-free extract 
42.0 — erud(^ fibre 0.2 — ash 7. 

Aeeording to PiTTKiCH, it is safe to feed to cattle, all the red, 
gi’cen, and y(^llow Agarics, all the Ladarii, all fungi Avilh f\ii\nel shaped 




;ifl - Jiijhlu futvinUM, 


Fjc., ']7 --- fnid'Kii 


or with broad se-aly ])ihuis, and Bold us horinus (iig. 3t)). (.)n the 
oth(‘r hand, all Amanita, Ayaric.us muscarius^ Russula vnidica (fig. 37) 
and olluT poisonous fungi are to be avoide,d. 

Puugi agrtu* (\s|)eeially well with ])igs, and should always be fed 
(diopped, after being boiled for 10 i(» 15 minutes in a little A^ater 
(which should thrown away afterwards as a precaution), and 

mixed Avitli oilier foods, at the ra.t<‘ of 0.5 kg. per lu‘ad and per 
(lay. Fungi e-an be givcm to goats which (‘at them raw. Shee]) eat 
fungi whil(‘ grazing, but avoid those that are rotten or worm-eaten, 
and might, piobably disagT(‘(‘, ^ith them. Pric^l, cut up fungi make 
a good |)nnltry foo/l and in the ojiinion of JO. J^ott iiromote egg pro- 
duction. 


Idir loliouinu table :iv('S tin* periMUitages of some si)(^ei(^s oi 
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Ill rciici iiMoii, lisi ol wiM pi. nils Inrmini; ^(khI lor;!*:!.*. 

(tmmip I iijciinics 1h(‘ sp(‘cirs (IniMna I 1 m* NNiir in lOiirnjx* ^ind 
pMciiilly 111 ( i(*i mil ijy (1 ). 

(imiip II I'onlaiiis llic sp<M‘irs tirov.iii*: in a linl c-limati* ami iiM'ii- 
limied as loimd ni Trijudil ama (-) : 

1_ ('idlam rnlgmis — Phraffniilt s connnnnts — Phalayis ar^n- 
libutnn — (iJ}i<('ria (hulans, (i. aqmilivu — Pf(<Hs sp. — t !r<f 
laduca — (Uh'ona isiandira — ('l{ulotri(i Hhtufijvri ha — PUy'nlnnn 
ttqnnihnhi — 7’///>//m sp. — SfralKtfrs aloidcs — Plodca raHndcnsi.s — 
PoUiVKxjcfon S|). — Jjt hina sp. — Tnlivutn tcin'Hs^ — SalLi sp. — Pahf- 
qohinn rnspidaf n tn — Ibiini dadta — Pfivnojanii ma, aUunn — 

Alrifdt'j' sp. — Stcihnia hudui — Stlfthc diclKdanui — \ ftis rdnUmi 

— Jf<ni('iis Vanda — V(tnr(druhis arrrnsifi --- Sq tn jdn/l (laa sp. — la- 
ta.rartna i>lp<iaah' — ('ivhayiuvi Jalqhas — /IrUanUras sp. 

n. — duHijaras aHuracarim — pjdirdra alala — AqntpqraiH 
jumn uni — A h! la ladcsianH Iraar — Anslida /dataosa var, florrasa, 
-1. A. sidira — Urovtas tula as. />. n'flasas — Vtftutdan U<tv- 

fqloa — Ihwhflis Insqaaira. — Jtajarala rjflindrlva — Ltdium tiqi- 
<{afu — Jjffffcaiu ^fait'tatti -- Pautvata larffhlaat — Prn a fstl utn as- 
ir rijldiam — P. dtrhidttta a m — Phalans witiot — ^<li|^a. Ivaarissnaa 

— ‘SV'/ryn/.s lillarahs — Asjthipdilas in ictorarpas — Mascari taanli- 
7iiU}a — Vidhqoauta rotttosuru — JJtaaj- sinaasff. — \nafaisis atticu- 

— Alriphw Ualhaas — (Utynnlava taonartnilfia II alocncttmtu 

stt'ohllact am — llaloxylon articabdam — ^(dacoraia ji atirosa — Sad- 
sfda irfraqoaa, S. ttticnddiqlla — Saarda jt'ali*‘asa — Traqarnim aa~ 
ifafam — (Ipatdia Piras-iadira — Ftaaktaia Jay r is — I'attiaris var. 
s]). — IJt Itanllirmata s( ssili fhtnna — Vap parts Sadada — APdromla 
at fpf ptiaiai — Mfdihlala ps* adit.np vras — Marlrandta sahfrat datsa — 


( 1 ) Dims, uji <'it 

(li) Thoi rf u op 'll 
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Zilla tmcmifh i'<i, Z. siilnasu — IhlfilumUH hamnn — \vnfiiihi i^vo- 

nfmhtns — A/hnfff tiumrorHin — AnUnfUts II tinw untu — A^^lriujal us 
biirtirus, A. — (iinisid iinhlunu, (I. Si^haru^ — Lftlus vr^tlvus. 


9, Desert Plants. 

rn<l<*) llii> lirjid com** sprcirs in liol, ati<l rruious 

nl !Mr‘\i((). T(‘\a.s clc., \\lii(h K. (). \V()ST(>> (1) hii> iveoiiiiiHMKled 
Inr ii) nl : Yucni tlaia, T. ijlawco, V. Imrcala, 

V. ntu('nn‘(u‘fHf . Itvvri jolia, ruffirolu — Aijan lr('hu(fHi}la — Da 

siflinnit Winch ri. />. Irjanuni — \olnta truiniu ns, A. in icrfKuu'jHt — 
fn.ntnltnHt — (1 ishiif men arhorcsirns — fl < sjn ynjfmcd Wlnp- 
pln — Ksfin'olnv parrillnm elf. 

Noin* nl' 11i(*S(^ Willi plants lia\<* liillaMlo Ix-ni iisial Inr stnc'k- 
IcMMliny; 1 h(‘ loia^n ohlaiund li'nin Ihciii would la* ludkx and Iiltln 
Till! ril ions, but it miild bn bal iui\(‘d with cnucniit i a I o. As limy 
ai(* V(‘i\ dillicnlt to cliop. .>oui(‘ sMi1ji))lt* loia^n cut t ni'S lia\c bca-u 
<b‘\isi‘d aud pul ou tli(‘ maikcl: tli(\sn will r(‘U\o\a‘ all ol)ic('1ious ou 
1 Ins SCOI (*. 

An ijit <U(‘st iu;i u(d<‘ ou Soapw^aal {Y men rhifn l'dj,u(‘bM. ) bas 
bc(*u (‘ojupil(‘d ]>\ ('. li. l<'()KSi.L\(, (2). In Now Mexun. tin* leaves 

(d‘ this \ iK'ca souudiuies make \\\\ hall 1 lu‘ weight <d' tin* ratiou. The. 
catlh^ will <‘at iheleaxes whih^ ou 1 lu^ plant aud .seize lluuu either 
hair-wa\ ut>, oi' al llu‘ base, in or(b‘r in avoid 11 k‘ sharp, hai'd lauiil. 

The (lowers and t. In* lloral axis mak(‘ a uood sto('k-l(‘(al and 
miK.h lik(‘d b\ animals, th(\v are niori'OMM' so Miccuh'Ut that theeatlJe 
u(*ed ri(» water loi* several days al'ler ealiULi' IIumu. 

TUn whole shun can be us(‘d if it is chopp(‘d u]> in small piiMa^s in 
a machine made tor tin* iuir]>os<‘ : it should be IimI wit h colt^mseed 
meal etc., ami with tin* mit-uj) leaves. 

'^riu' r<'spectivc percimta^^’c composition o) the sttaii and leaves 
is as bdlow’s : water al.T-lli.ll — ash — (dher (‘\tract 

— ])rotcin l.o-l.f) - enuh‘ librt‘ 1 — N ii‘e(‘ exlraid LM.1--4.1J. 

Amon^ these <h*s(‘rl plants must also Im‘ iuclmh‘d a aiioiis species 
of Cactus ami (lirunlia. The lattin* have already )u‘en tieated of 
in No. r», i>. 11 lb 


10. — Flower Bulbs. 

The bulbs ot many wild species lorm ^ood cattle teeds, but tliese 
plants come under the head ot weeds. One ease, however, a])peiirB 
to r(‘(|uire sc^juirate mention, viz., llower-bulbs that are past flower- 
injii’ or unsuitable in some other w^ay. 


^(1) f’ tS' Ihj) fii \tfr Lull, Sn TJs VVa'.liMif^aoii, 10 1 '■g 

(i*) FnRsMN<;, e 1 . ( lio|ij)«‘il «.s ,111 Fnu‘ri:i‘ii'‘v T'Vieil for ( atllo on South 

WPitA^rii Ujiml;!''' L S nf Aijr , Jtnfi A-* 71." Wnstiin'jjtim, 11)0) 
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Shortly bel'oiv the AViU*, sonu* oxiR'i’iinnils iiiitl :inalys(*.s of (lirse 
bulbs wojv ma<lo ii^ Holland, with a vu^w to iMU})hiyinii llH‘in as a 
Bloi'kd»M‘d (1). Tho Ibllowin^ rosnlts woro ol>t;nn(Ml. 
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riH *st* bulbs ai(‘ llicroroiT (‘.oiuparabh* to pchalo (ii])fi,‘>. \ssiiin- 
iii^ I hr diii'(‘s1 ilhlit y ol IIkmi* slai’rhy nrallrr (n )m\ liki* lhal of flu* po- 
tato, bb lh(‘ s1:iT‘('h valu(‘ t»l lluar dry inalb'r wnidd be: lor 

iiai‘rr>,siis bulbs — .11 lor Inbps — l‘l.b loi* hyariiilhs — lor o|;ol 

hdi — ilS.S tor r |■o(•ll^(‘s. 

It .shouhl b(* ii(d(‘d that narcissus bulbs arr poisonous tm ac- 
roiiiit ot thr H((ms{n( t hry oontain ; hyariiilh bulbs a i (* also poison- 
ous, luit losr tlu'ii toxic ('Jiarac.t (*r ou bodm;:: the s.iuic inay be*, 
said as i‘cuar<ls the otluu bulbs, Dunu;^ boilniu, I lu' \Nalcr must Im* 
rcpiaitcdly (‘.hauu(‘d. 

Amonj: the bulbs may be reidcoueil certain tubers ol wild plants, 
like tin* Asphodid ip. .'lib), ^^hieh aie I'cadily consumed lyv sto(dv and 
in some phu'cs ar<‘ used lor human I'ood (L*). 

11. — Screenings. 

l»y the term screeniuirs are uiideistood Die siitin^s ol ('ci cals ami 
ot-he; plains; lliey eonsi.st mostly ol' toHUun .>e(*ds. 

ddu‘S(" residues haA4‘ been (diietlv bvl to poultry, but are often 
^iven to larn(‘i- steads, though in tin* opinion ol l\ la; it is a very 
«l(d)atable <piestion whelheT’ they should be lljus employed owine’ 
to t he eunsid(*rable amount of injurious foi’i'du'ii substan(‘e.s 1 h(‘y contain, 

Tliey are liowi^ver still used for this jiurjiose aaid fluriiii'’ the war 
ouinu' to 1 h(‘ seareitv ol lood ol all sorts tluyy vv(u*e. led to sto(d< in 
^U'catei- (juaiititii^s. 

Screenings are also made inlo do^-biseuits, wiiile tin* dust from 
the siltej's and winnowers is used as a ftud ilism- for imaidows. 

In Canada, a eonsid(*rable amonnt. ol sea'ecmiims is jj^ivam to sheep. 
When ii:nmnd, these r(‘sidues an* also made into molasses b‘(*(U (H). 

ill Of vAj. .) Ml ] t n I >ni (h II I unfJfmirl.Hhfli^fi <h‘ihi'iinl;nin'ti‘Url!ifk^Uin.d- 

N(i XXII 'I’tf* UU S 

(2) <1 111 Hull dt In Si,f \fsf th t'Afrniin on y ni/l Vol 1 {, \«» (I 

Alcu>?s, 

(‘n I. K Dymovt), Pnift if ( nnnfln I h f, -a I'jnt Oi.uti S' l' f-’i -i. Ollav'u, 1D15. 
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PART II. 


In 19i:^, 100,000 Inns of sm‘oniiijL''s (from wheat, oats, barley and 
tlax) were obtaincMl from the Central Silos of (panada. 

Experiments made, on ilifferent animals have i)ro\edtlu‘ small- 
est weed secMls known as “ ])laek sereejiinj^s ” to he \alueh‘ss, if not 
injurious: besidt‘s tliey im])art an unpleasant flavour to the food eon- 
taininj' them; and henee tliey ai‘<‘ removed. The la r^ta* seeds can 
be UmI lar<>:(‘ and small li\e stoek at the rate (d 50 to 00 % of the 
^o a in ration. 

S<‘ieenin^s an* b(‘st led ground an<l should always bt* f.nxmnd 
wlien ;civ(‘n to mammals; if tlu‘y arc* fed whole, many w(*ed seeds 
pass into liu* c^xe.rc^ta wilhoul losin.ii* their •^erminatin;^ ])ow(t. “ Blaek 
Hen*(*nin^s ” ou^ht to lx* burnt. 

An intc‘n*stin^ study ol sereenin^s lias been made by (E Sa- 
VIT^I (1) of the II. Laboratorio d(‘lh‘ Uo^aiu* e. d(‘lU‘ Tm])oste din'Itt* ” 
in Ivoim*. He* has (‘xamiinxl a lar^i* numlKU’ of samples of sedt and 
of hard vvh<*ats from Italy and olh<*i' i'onn1ri(‘s. Tin* c*ommonest 
s<‘eds belon^(*d to the following spc*ei<\s: Affnpstnn tna OiHifHf(p — Aetna 
saliva, A. fain a — ('onval/rnlns ttrrntsis — (ialinin Invanie — 67a- 
d'lolus svijelum — JJanleavt rnUjart — Lalhifrns Althaea — Pohfijo- 
vnvt Con rof r nins — ^eealt eerta/t — A/ae/o'.v arrt nsis — ]'ieia saiira^ 
villttsa, r. sjfhafica, etc. 

The amount (d sc'n^eninus varic‘s lidin ‘J ^m. ]M*r ka. in a wlu‘al from 
Jlritisli India, to a maximiinud' 75 um. pea* k^. in liard .Moroe(*an wheat. 

12. — Acorns, Beech-masts and other Forest Tree Fruits. 

Aeorns (fim. 58) w ei’c* idiiidly regarded 
as a leeil loi pi^s and j^emaally eati‘n 
by them ben(‘ath the* oak-ln*(‘ in the 
fon*st . Durint’' the Wai', howc‘V(‘i‘, an 
att<‘mpt was made* to use aeoins tor 
hiiJiian food, (*sj)eeially as a substitute 
for eollee ete. 

As a stoek leed. acxuiis an* poor 
in albuminoids, thoujuh ri(‘h in stareh, 
and tluacdore eannot be* alone. 

Tlu‘y an* v(*rv useful and jiroduec* no 
bad effeets w he.n add(*d to the ration, 
providc*d ilu‘ir d(*ti(‘i(‘nei(*s an* made 
^’ood by ph*nty of ,Lrrc*(‘ii loiaiie and 
of foods with a hif^h nitroj^en eonteiit. 
rnd<*r sueh c'ouditions, tliey ean safely 
be* ^dven to all faijii animals, but if 
the siqiply of aeorns is limit (*d it is 
best to n*serve them for the jii^s. 

In (iermany, duriiifi* tin* war, large 
(juantities of meal were made from 

//f Sirt:inn,’ oifnirn ifrl/tnir. Vol LJI. Uiirt^ 7-'' Modena, 1919, 
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whole acorns (undecorticated and dried); this kej)! heller than the 
acorns themselves and had I lie I'ollowinii cmniiosition ; 

Adi.nliiiK Vcinriliiii^ 

t" JvMM. Id K VSKI-IldFF 
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Sheep imd pi<>.s ejit Ihis loot! :il onet*, hui horses ;in(l (‘iilth* liave 
to )»e ^Tadually neeiistoinctl 1o it. 

'riH‘ avera^(‘ iinunirits (»!' aeonis that (‘-an la* r(*(l daily to slock 
an* as j'ollows : 
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h'or llors(^s a douhh* ration of a.< 5 oni as eoni])an*tl \Ni1h oals is 
rcMpnn'-d, Imt alter ac'orns have ])(*on t‘(Hl for a inontli lli(‘y shouhl 
Ik; left off tor a vv(*-ek. Cattle and liors(‘S take t-he aeorns raw and de- 
eorlie-aied, l)ut 1h(*y an* ftal to pi^s in tlie form ol a (u)arsl^ Hour inixcMl 
witli potaloe-s, or still belt-er (;ook(Ml with p()tato(bS. 

l)ri(*d and ^roninl acorns can he ^iven to jxniltry ins1t‘ad of 
^Tain and bran, but as tludr nutritive value is much tielow that of 
either of tli(\s(^ t wo substancA^s, t.ho ration must be sujjphuijen1t‘tl by 
matters rielnu’ iii albuminoids, siie-h as meat meal, oil e-aki‘-s, <t1c. 

Mr. H. Cranfeld fed aooriis \o fowls for 1 wet‘ks witiliout t)t)- 
K(*rvini»’ any ill (‘ITeeds. Tliey are a little coTistipatin^, it is trm*, but 
tliis ean be (iorrected by ^iviiij^ lisli me.al whie-li is laxative. Aeorns 
ha\e no injurious (dieet u])()n eg^^ Xmxliie-tion. The daily ration <le- 
tf^nnined by the at>ove inve^stigator was 57 ^m. per fowl. 

Beechnuts (or mast) which are fairly nutritive and easily di.LM‘St(^d 
may he added to the acorns. They contain “ famine ”, bnt this is 
only toxit; in lari»e quantities. Horses can safely eat kft*. a day; 
beecdiinast: is however mainly regarded as food for lugs, and th(*y"‘are 
turned oid to (‘at it nndei- the lives (See Oilnjkrs, 150.) ^ 
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In iiddJtion to acorns and bccchiiiast the following fruits, although 
usually neglected hy agricult urisis, can also he^fed to stock. 

Fruits of the Elm {Ulmus campestris) .S9j. — These are very 
iKili in nlbmuin and fats; thi\y contain ndativcly lilt.lc cnido fibre and 
a very small airioiint of Unnin. 

Fdiu fruits are spee.ially suited to <l;ury cattle and to bosses. 
After bein^^ dried, ^nonnd and se.alded, they have ))een snceessfully 
fed to |)iu:s. 

The folh)\vini»: aji* two analyses (d' lh(‘ fruits of IHmus campestris: 
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Pniifs of tke Ask {Fra.f inus excelsior), — These (M)nsist on an as (‘ra^'c 
of at) % seed and i f % internment.. They can be fe<l in th(dj‘ natural 
eojidition to hors(‘S, buti must l)e dried and r^oiuid, or elsc^ rna.de into 
a mash, ))efore they ar(‘ r^v^'^ 1<> 

Tin* e,oin])osition of the. whole fruit, scimI and internment, respee- 
ti\ely, is thus r'v^en by KuNt;. 
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Fruits oj the, Fonwoufi JAme {Tilia enropaea) (fir* — These 
are specially sniterl to horses and cattle ; their cornxrosition is as 
follows : 

fiS 1 o/^ 

:i 0 
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Fruifs of tht‘ Vooimtm Hnro^nam {Farpinus — As^llicse 

contain imich crude fibre, tliey nmsi br i^rniind and tmu luily iM^iriven 
to cattle anti horst\s. 


Fni lili — EItJi ; liruncb. How (‘j s 
ainl fruit 

I''rniu HHT'TTIM Mji, fit. 


I■'u^ tU, — Flinty of Mujilo {nbotu ) 
oiiil of t’ornmon l^iino (hilf/u). 

I lotll I'll VNrt'. n|) 1 11 . 




Tlieir cttnipositioii at'e-ordiiti* to 1 vn«> anal\srs is: 


KLINC/- MtT.MJi'iS 

.lU.ilyHi!-' .ni.ily'-ifl 

Watfi .... ... ' * I 

Crnrie protein . * ■ *' ■’ 

Crude fat . . ' " 

N-froi’ oxtrael (Miimiii ii i)',l %i . . *i ^ • 

Crudo tibre ^ 

Ash - -i 

Fruits of the Aspdranus [Asparat^us ojfirinnU'i). — When tlrietl and 
ground, these makt‘ an ♦‘xe(‘l)t*n1 stttekdet^d. TJe* whtih* etmlams 
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63.5 % walor, tlu* containR 71.2 % and 11 h- seeds 65.6 %. From 
J’ecdin^ (‘Xperimeni s, it has bei*ri found that lanjl)S digest 65.5 of 
llie crude prot(‘iii ; 89.5 % of the N-free extract and 46.7 % of the 
(ande fibre. 

Tlie starcli value ol the dried berries is 61.<i %. Tlu^ percentage 
of digestjt)le> albiiininoiils is 7.7 Figs digest these l)erries to a 

Jess extent tlian laiiil>s. 

Fruits of f/ir AJ nvfitaiii Ash (^io'hns Anvuyaria) (tig. 41). — These 
(ian !)e ted to jHJullry and swine. Tlieii* coin[)osition according to two 
analyses is as follows. 


T 11 


Wator .... . ... . . . 

77 J ‘ , 

7:. 1 

Onido proff'in ...... 

1 1 

J s 

Cnulo fal .... 

11 

1 1 

N-froe ('vlracl'^ . . .... 

17 7 

1 s s 

Criidn liliip . . . 

.... . 2 '» 

1 i 


A^h . . . . - . 17 


From tlu^ berries of the Lavrel (Jjaurus nobdis) (1) an oil for con- 
diment, lor perfuimM'v (Me*,, is (‘xtraeted in the district of the (larda, 
at Oargnano (Italy). 

The b(^rri(‘S are treated while qnit<‘, fr<‘sh and are boiled with 
water in vats (jontaining 1600 kg. for at least 10 hours wlum the 
oil ris(*s to the surface, is skimmeil off, jnit into barrels and decanted 
to obtain it- ])iir(*. 

The exhansUwl ]uTri(*-s a?*(‘ inixiMl with straw and hay n'sidues and 
fed to cattle, horses, mul(‘,s and tlonkevs. 

F’rof. Faoftijvi states tliat tlie berries, without the stones, contain: 


27 % water; 26.15 % 


oil ; 


(>/ 


cnid(‘ prot(*in *. 


26 7o 


tibre, ; 3.50 % ash; 10.43 ‘J,,; phosphoric acid 
in ash — 10.43";, NdrtM* (‘xtract. 

Fruits of the Hawthorn 
( Crata ey u s ( ).vifca nth a ) ( fig. 
42), — These contain 20 % 
se(‘d and 80 % piil]). Fowls 
will eat them, bnty they 
hava* not yet been given to 
larger animals. Haws liave 
b(‘en used in Germany like 
~~ many olhei- substances, as 

moiiiitam Ash. i j -i ^ 

a substitute tor colt<‘(\ 
From ( oKHKvoN H. Ni.-, Their iierceiit age comiiosit- 

arbreis liaus la luitiin*. Vt.u. . . ^ ^ ^ 

Oe^iOve, 0)2(1. ion IS as lollovvs : 




Fr(»m liKlTTiM A., 
op, (it. 


( 1 ) U. Hitizzi II Ifiiiro. .IswKf 7t 1‘tn MrH, r A rnmntirh* . Alilaii. Xo fl. 11)21, 
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Whole fruit 

Pull 

Seed. 

Water 

. . 0 •, 

so 0 , 

'JO J 

Crude firoteiii 

M 

0 0 

1 1 

N-free extracts 

os 

0 ■- 

V 0 

Fat 

... CM 

IJ 1 

IJT ' 

Crude filire . 

... 7 

1 () 

■Ju 1 

^Asli 

... 00 

0 i; 

I f 


Frvitfi of Ih; fhrnrj Elder (Samhuciis raermosa) 4;-!). — Tln'se 
are IVd to poiiltrv- Tlie dried t)e.rries eonlain J1 of \vater. ‘J().3 



b’i<4 1'} — Dwarf KIdcr : he‘iriecl hrain 1 

I’lnm COIUIKVOV H . up. ( It 


J‘a1 iuul ]0.8 % criuk* imkoin. V. Macii advises I hi* oil beiiiu (‘xtrac-led 
from the dned scmhIs. and 11 j(' residue fed to stock. Aecoixlm^^' to 
this author/ the eoin])osit ion (d'tlie lierries and thcur |K*dimeles is as 
follows : 

V\atei < % 

Crude prnli'in 
Crude fat 
\-frec extract 
iViide fibre 
\^li 


I s 
r. (1 

I h 
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13. - Horse Chestnuts (1)! 

The scmmIs oI the horse-eliestiuiL {Af\s(idus II ipinHa-slanuni L.) 

14) v^hich had Ixmmj le^^arded as useless, airmst'd a ^nod deal oi 
iii1(*i’es1. during 1h<‘ war and many new oi* inodilicMl pve(r(‘ss(*s were tried 
in order io rtaider tlnnn lit. not only lor a sloek 1<M^.d, hut also tor 
liiimaii (‘(nisninpllon. Tlu^se elieslmils eannot be eaten without beiiifv 
tirst 1r(*ated Avilheold water, (‘il.luu* [Hire or aeidilied. or wdtli boiling 
water, in ordiu' to icanove the Idt.ter prinelples they eonlain wddeli 

ar(‘ distastelul to animals, and somelimes, 
as in the (*.asi‘ ot sai)oniTic‘, (‘\l rcumdy 
injurious to tluun. 

Wolff states that these ehestunts 
when ITesh enjitain : w'alei‘l‘J.3 % — ash 
l.L^ % — ni(ro^(ui O.tdl ‘J;, — j)h(>s])hori(‘. 
anhydri<h‘ O.l’ 7 — ])o1ash (hTl — 

lime 0J4 ‘bi- 

Aeeordin^’ to ( io^i'TVN ' U), howevej’, 
t heii ])ereiuitajj(* e(mij)ositaon is as follows : 
dry inattei’ til. (ill — mtro^cmous siibs- 
tane(‘s 7.81 — tat 7.2LJ — libn‘ li.HO — 
(‘arbohydiates 7th21i — nmieral suhstan- 
<‘es lMo. 

(loHis says t luMhy e,ot yledons e.oiit ain ; 
hit li-li — idt I oaiuious sid)st,an(‘es 0-7 
— slareh UO-IIP Tluue is also a 

small tpianlity (d oil ])^^sent (se(', y). 340). 
They ari‘ suJliehuitly di^(‘Stibh‘, 85 ’Jo of 
tin* fat. u]) to 03 "o ol theX fr(M‘, eAtraet 
beinir availahh*, but oidy 00 of the 
protean. 

Tln‘ all)imiin after it has beei^ washed t,o remove the bit.t.er ])rhi- 
(-ipl(*s |U()due,(\s a tine white Hour free troin any snudl oj' last(‘. This 
eaii be used not only as a stoe-k-feed, but also in th(‘ manulaeture 
of starch and aleohol as well as of alimentary pastes, for \vhi(di pur- 
poses it- was (Mni)loy<Ml at tin*. Odle^e of Viiaianaey ol" Paris during 
the war. 

The A(!adeini(* des Sciences of Paris requt‘st-ed f. 1 )K(U1 AMBKk 
to draw up a rejiort on the experijuents he had eondu(‘t(*d at- the 
(Irignoii National Scdiool of Agriculture. Tin* rc^sults of his investig- 
ations show' that fresh, crushed hors(‘-(diestjjuts can be fed to sheep 
at the rate of 0.5 to 1 kg. ])(‘r head and i)er day. When steamed, or 
boibal. cattle will j'at them, and they may be fed (especially in the 



Fl tilil I ll V I'KHil, M]). l it 


• ^1) efi . l) A. llutiTriNT, Di/.ioniLi lo ill \lji icoltiini, VdI, J, •Lilian, l‘\ Vallmdi, 10(U. 

2) fit r ]f'ud/t?i7t dts ScKnt'tt^ V'dI lii.*!, Xos 10 aiirl H2 Cans, 1917 

3) ^llu«tnirti L-iHfhc Z< tlunq^ V'rai .iA, 42-43 Ui'ilin, 1914 
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case of steers that are beinj^ lallened) 1u larj;e- sized animals up to 
3 kg. jjer head per day. Cows also eat these eliesinuts readil\ and 
without any injurious elfee.ts upon their milk. When lioi se-ehest - 
nuts are given to swim*, it is best to 1n‘a1 llnun with watc*r and llieii 
dry and grind them ; as Juuch as 1 kg. may be fed ]m*i' hea«l ami per 
day. The e-hestnuts must be groiiml, and t tie nn-id eiadxi-d and niad^* 
int.o a ]iast<e is used as a poultry feeil. 

It is liest to mix liorse-ehest nuts with molasses, or wit li l>(*et 
leaves and slie(‘s etc. 

Tisskraivd says that horse-ehestrints havi* always! ormed part 
ot the normal ration ol tlu* lloeks at 1 lu* Kambonilh*t Sliet^p-harm. 

As regards their ivlativ4‘ nutritha* \alne, 0.5 Kg. ol tresli e-iieslnnt.s 
are (apiivalent to 1.5 kg. of mangolds in lV(*ding sh(*(‘]>. 

Jn (S(‘]*many, ITanskjn Khiscut has tj-i(‘d l(a*ding hakes ol liorsr 
ehestnuts, [)r(‘N iously freeil trom all bitdiM* nrineiples, to lainh^ (at. 
tlu* latc ol 1.2 kg. per day and jm*?- LOO ke. ot li\<- wtaghi) ami to 
eows (2 and 4 kg. ]u‘r lu‘ad ami pt‘r day). Tlu* digest if>h* part eon- 
tains: |u-ot(*in l.OI — lat 3.31 g,, — N h(‘e exlrail am! Idlire 
03.02 % — slanhi value 72.1. 


14. — Unspecified Seeds. 

I'lider Ihis head, we shall treat only ol sonu* sjjeeies ol seed 
whi(di until tlu* war were lm'm*d to no sp(‘<aal a<*((>ufit. all st‘eds 
usually fed as (‘one.entrat(*s to large* and small stock l>(*ing naturally 
passed o\ i‘r. 

OAviiig to the gr(‘at scarcity of st.o<‘k re(*ds dui’ing tlu* war, eJloits 
were made to make* use* of se‘e*<ls that had b«‘IV)n* b<‘(*n alnursi <*n- 
tirely ne‘gle*ete*d (tig. 15). In this brie^f ae‘e*ount, we* will not m(*iition 
B(*eds that Jiave ali(‘ady be‘e‘n tre*ate<l of in speeial chapte*rs viz., grape 
se*eds, the ke.*rnels ot elierries anel edlu*r stone-fndts, e,oieal se*j‘e(*nings ede*. 

Film, seeds (Ulmus vampestris) (1). — The* se*eds in the* samarae 
can be feel enclose*d in the* iieuicarp to rumiiianls but the perie‘arp 
must be removedl by rubbing the se*e‘ds be*tween tlu* hamls or by 
some either means bedore giving themi to ])Oultry, whieh e*a1 them 
with avidity. 

Elm seeds e'.ontain an oil similar tee tliat obtained Irom copia. 
Their ehemical conifiosition is as follows : 


(1) Cf. J^I^yTlJlK^ and otlu*r >ni( lim-. in Zritsrhrfft fur i nh r'tU'fiHti't f Suhruwjs 
nnd Oenuhi-mitlil, Vnl :t:2, [j iJllti 
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I'lG 45 — cod so.ods, ct<; 

J. Hronio grasp {Bromv^ secahnua) — 2. Quitch grass {Triticum ri'ptiu>). — 3 J^earbind 
(Polygonum Convolvulua) - - 4. Spinach (Spirmcia olcracta). — 5. Goose fool (Chenopodium 
album). — 0. Spurry (Spcrgula un'cnaia) — 7. Corn-Cockle {Agroatcmma Qithago). — 

S Wild Mustard (Sirmpie arvcnain). — 9 Charlock (Baphanus raphaniairum) — 10 White 
mWilot (Mehlolua alba). — 11. Thrsley (Pctioaclinum aatitJum)^ — 12. Goose gross (Oalium 
Aparinc). 

* From iJr. L. Wittmaok. Larulwirscliaftliu^* Saineidnindc. Berlin, P. Parey, 1922. 
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Currant — K. ALrr.us (1) siiiriri*sis llinl lln‘ oil slioiihl be 

extracted irorn these seeds and the residue 1 \mI to stock. 

Th(‘ seeds eonlain : water 11.42 % — crude pmtcdn 14.^2 % 
— etlier extract. 23.64 % — ea’ude tibn* 22.83 % — ash 2.78 %. 

S(u(jar-bef‘l aetuL^ t.hat have lost their ^(‘rniinat.iiii;' [lowei- can be 
{TroLiud and given without Turther treatnient to sto(*k. Ididi’ nutri- 
tive valii(‘ is % ot‘ tliat oi wheat lirati. 

Tlicy contain; ciude protein 11.63 % — crud(‘ fat 4.12 % — 
ash 8.96 % (2), and are (diiefly t(*-d lo eat lie crushed and inix(Ml with 
cho])})ed straw, or (ilialf. They can also b(‘ givaui to horsi's, but are 
only suitable foj’ swine when ground and mixed witli other food-staifl’s 
poor in crude iibn\ 

The screeidngs of sugar-beid seeds ar(‘ also used. Tlu'se residiu^s 
contain fragnients ol leaves, tlowers aaid son a* glonuuules. When 
reduced to Hour, tin* screenings are emi>loyed in tin* jireparation of 
molasses IcimIs. Theii* digestibility eoidlieients in th(‘ ease of lambs 
are: crude protein 57.2, fat 63, A-lre(‘ substances 45. Their starch 
value is 19. 

Parsley .smt! (fig. 45). — Seed left unsold or damagcMl secal wasted 
to stock. When ground, these seeds can b(‘ given as a stimulating food, 
but only in rather small ciuantities. Th(‘y should b(‘ mixed with 
foods containing no stimulating matters, such as potatoes, sugar-b(‘ets, 
danuiged hay, (dc-. 3^he following is Ilnur percentage composition: 
water 14.5 — crude protein 13.75 — crude fat 23.40 — N-free extract 
36.04 — crude fibre 6.50 — ash 8.81 (3). 

Nettle seeds (Urlica dioica, U. urens). — Pott (4) says tliat, in 
Denmark, the seeds of the common mdlle are collect (m 1 to be given to 
horses as a supplementary food. 

They are dried and then pouiuled ■, a handful being fed with oats, 
morning, and evening 3 limes a week. Tliese s(‘eils impart a gloss 


n j C’t K \L,ri:us, nml ik'rt'ii OpI, in fur Vntt rnurhuny 

dir nud \ ol Curl 11, p UlU HM 

1-) (‘I) Of Lmidv' Jahrhurh fur -Ouyt rn . \i 0, Xrt-. Il-IL' AlnnM-li, UMti 
(4) IV)TT, np (Ml , Vol 11, p 7:n 
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to tli(‘ hursos’ coals. If boiled, they arc excellent for poultry, and 
promote prod not ion. 

Seeds oj ihe Spurry (Spergula sativa, S. arvensis (Fig. 45), >S’. ma- 
xima). — In Deuniark, llu* seeds of the sinirry are collected from wild 
plants and gnmnd, after which they are fed to dairy cows at the 
rate of 3 kg. ])(M’ lu‘ad ami per tlay; this anioiint, however, according 
to Pott, makes the butter soft. 

These Re(‘ds are led lo cattle also in the Phine district and in 
Pelgium. Their aAeragi* i)er<*entage composition is: dry matter 89 

— X-free substances 13 



b'K). 4ti — l'l:inhiin { l*lnnia<r> lavf fuhtta). -17 — Plantain ( tnojor). 

From (’J-AiiK O. K. ami Fletc'MKi: .1. Farm foilh From Min Fei>. dt: l'A(;k. h. n. r»-6, 

Ottawa, Dept, ol . J91t5. Ottawa, 1911. 


F. media, F. major) (fig. 47) (1). — These seeds are often obtained 
in considerable quantities as a residt of sitting and cleaning forage 
plants, many idantains growing among forage species. 

The seeds are fed crushed and boiled, or very finely ground, to 
ruminants, sheep, and pigs as a supplementary ration, especially in 
Silesia, where they are much prized. They contain on an average: 
dry matter 88.8 % — nitrogenous matter 16.2 % — K-fiw extracts 
38.6 % crude fibre 22.5 % — ash 3.5 %. 

Seeds of Sorrel Bode (Fumex paiientia L.) (fig. 48). — This weed 
is sometimes cultivated like the sheep-sorrel. According to Hoff- 
MHJISTER, its seeds contain: dry matter 84 % — nitrogenous matter 


(1) Cf. Pott, E , op cjt . Vol. FI, p. 7:i2. 
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— 12.6 %criulo fat 5.2 % — ;N'-froe oxtracl. 49.5 % — cnido flbiv 8.4 % 
•—ash 8.2%. 

Seeds of the Wild M 'll star d [Sinapis arvensis L.) [Fv^. 45) (1). — The 
Avihi niustanl is a weed tihal, ehielly iu\ades tlie hdds oT eats juid 
eJover ; it can l)e destroyed by wateruij^ witli eopx)t‘r sidpliatc', or 
tenons suli)ha1t‘. 

The seedvS eontaiii a small qiiaiitiiy of the esseiilial oil of mustard, 
this is nmioved by erushiiif^ them and l)oiliTi^' tlumi iu water. Tlnar 
a\ (aa^^e com position is as follows: dry matter 92 % — nit roL^^(‘tious 
. .^a^bstanees 25.9 % — crmlefat 
-6 % — N-free e.\ tract s 21.8 % "V 


— crude* libre 9.8 % — ash 
0.5 %. 

Seeds (if the Cora-Covkle 
[AqrftsUmma (llthayo) (fi^. 45, 
49) (2). 



Fill 4S - S()ir('l 
Frcini llJiiTTTiNL A , op. rit. 



U> — ( 'oru-( 'ofUlo 
Fnirn FitANOli, oj». oit. 


— TJie se(*ds of this common weed of cereal fj(*lds often occ ur iu wheat 
screeminjis. The embryos contain gitagino wdiich is poisoimus. In ord(‘rto 
render tlie s(*eil innocaious, the inte^mment, and (*mbryo must be removeel 
alter which it makes an excell(*iit. sto(*k-l'e*e(l. Tin* ])oison may also 
be elijninated by ernshin*’: the seeds ainl by roastin^^, or boilinj^, them 
in wait*!'. They contain on an averat^e : dry jnat1(*r 88.2 % — 
nitrogenous substances 15.2% — crude iat 5 *% — N-lrce* extract 
58.1 % — crude libre 0.2 % — ash 3.7 %. 

(1) Cf. ; 1) Pott, K, op, cit , Vol II, i> 7<11. — L’) liituriiNr, A. DiAioiiatio di Airm- 
cnU.nra, op. cit., Vdl II 

( 2 ) Cf : 1 ) ibid — 2 ) ibitt 


10 
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TIx^ko Hoeds can he, fjiven 1o healthy adult animals up to 5 kg. 
per 1,00(1 kg. of live weight, roultry may be fed 7 grn. i^er h<^ad and 
per day. 

Seeds oj the Darnel {Loliuni temuleniuin) (fig. fiO). — The seeds of 
th(‘. darnel, u oftt‘n met Avith growing among cereals, are 

frequently with wheat grain (de. They ar(‘ i)oiKonons in certain 

cases, as they contain an alkaloid lemuline, or iemaleniine which may 


indni'c \(‘itigo and paralysis in man and 



carnivoj‘a(‘ but secuns 
harnd(‘ss to catth*, ])igs 
and ducks, if Ue 
results oi the ex])eri 
menis made in this 
direction arc to be 
bidieved (1 ). The unripe 
seeds a])j)(‘ar to be 
innocuous. 

1 1 is howev(‘r l)(‘sf to 
combat tliis w(‘ed and 
aAoid giving th(‘ s(*eds 
to liv(‘-s^ock. 

Th(‘ Si'cds of soni(‘ of 
t he common ltiibiacea(* 
that gioAV ill the fields 
and hedges smdi as 
(i (ilium Aparine ((’loo- 
segrass) (lig. df), 51) G. 
Vaillantil and 0. tri- 
corne, are found among 
th(‘ residues of cerc'al 
sift ing and are regarded 
as scre(‘nings(s(‘c ]). 133) 
but as tli(‘y have* been 
the subject of separate 
I treatment in Hungary 
by I. Beknatsky (2), 
it s(*enis advisalile to 
mention them here. 
These seeds are re- 


garded as a good stock ft^ed, but. since 1h(‘y are vpry hard it is 
usually necessary to grind them. They can, hoAvcAcr, be led whole 
to poultry. These seeds contain 1 to 2 % of oil. 

Among the residues of tropical plants, ller^ea seeds take an im- 
portant place on account. oJ the very large quantities that can be 
collected but in actual value and real use they are much inferior to 
the chief product of this tree, viz. intlia-rubber. 

During t he war, es])ecially, experiments Avere made A\dth Hevea 


(1) ('f. I*oTT, E . Op. I ll , A^»l. II, p 771. 

(2) Of. Kisorlotupyi Kozli'in<Siiyek, A'ol. XA’^111, Part 4. Hudupt'st, lOlft. 
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seeds^ as well as with other substances, to (leteriiiine their food value. 
Excellent results were obtaineil with llcvca seeds made into cake 
after the extraction* of their oil (1). 

The first researcdies on these seeds \Nere carried out at the Im- 
perial Institute in 190d. a dryinjir oilbein^ 
obtaiued (2). 

The Hevca Ix'^^ius to bear se(‘d wlum ’ '^' 1 v 

4 years of ajj^e. Tlu^ seeds consist, on an 

averaj^e of 50 % kernel and 50 slii '' /'f j 

.JQi^eir averat^e oil content is 20 /o» ever. ^ If I 

The cake made from tlu‘S(‘ seeds is if/ 

a valuable stock-re(‘d. It is fed djy or : a W 

soaked to catth* which eat. it readily evtui ^ \'|/ 

if given alone, and has lu’oved an (‘xcel- ^ r. - V' 

lent- feed for fattening butcher’s beasts, ^ ^ 

being little inrerioi* in tliis respeid. lo ^ yil ^ 

The exp(*nm(mts hitherto ma.d(‘ have ^ ;< . ^ 'fT 

been so very satisfaetfiry as to make it ^ \ 

wortli whil(‘ to en1(*r into sojm^ aiTangi' 
ment Avith the maim fact iinus of siaal oils ,, _ 

with a view^ to the regular ex])loitation Ui llcUM* ul fruits 

of these llcvra residues so long regarded From Jm A J'loiii, (tv nt. 
as nseh*ss. 

The analys(‘s obt.aimMl at. the Tmp(‘rial Institute an as follows. 




I’’j(i >1 — -(‘(.qn 

Ui-.tiiflt llcuM* ul fn 

From Jm A J'loiii, (tv 


Cuke, or in(‘al, iiiatli! from wholn 
undticortn aUitl hJMdls 
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Lupin seed residues (fig. 52). — Seeds of j)Oor quality that are 
unsuitable for sowing can be used for making tlie following concen- 
trated food iirepared according to Bxxrgfr’s method. They are ground 

(1) Cf. FiiEiRE, D 111 BnlLctvn commcrnal dv la Scotion drs affnirts Cntnormqyu n du Af»- 

niat^.rc dea Ttelations ext&ncuTvs de la lit publit{ue dr a du IJr/stl, Nfi S, JIkj ^do 

Janeiro, 1919. 

(2) Bull, of the Itnpcrtal ImUtula, Vol. XV^II, No 4, 1919. 
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and imi into tubs filled with water ; a current of steam is then introd- 
uced niitd the water boils ; tlien the seeds are left until fermen- ' 
tation sets in, which process hastens tlie loss of the bitt(*r taste. At 
the end of 12 hours, some more waler is added, this is later drawn 
off an<J the liquid thus obtained, which has considerabh* fertilising 
properties, is sent to the liquid-manure pit. The mass is steamed 

for Y 2 hour, thoroughly washed for 24 
hours in cold water, dried in an autoclave 
and ground. The linisluMl product can 
be fed to dairy cows at the rate of 2 ^ 
kg. i)er head and ]>cr day. 

Another way, devisecl by Augustin, 
for using reriise luinn seeds that have 
ripened badly and are mouldy, is to leave 
them to swell for 24 hours in cold water, 
for this purpose they are placed with 
potatoes into ])arlially filh‘d bags, steamed 
in a potato-steamer, and kept under wati'r 
12 to 24 hoiijs. They are fed fre^sh to 
st.ock at the following rales ‘oer head and 
por day: horses 1.5 kg — draught oxen 
1 kg. — fattening oxen 1.5 kg. During 
VuK n-j —lAijuiiLupj aibu^)- the removal of thdr bittur properties, the 
wholo plant, fruit and lupius undergo a Certain amount of loss 

w'hich has b(‘(Mi estimated by Messrs. 
rn.mDii A tiori, op. tit. Gfjilacu and Ktinurass as follows (1): 

water 22.2 % — caude protein 11.4 % 
— pure albumin 4 % — digestible albumin 3 % — fat 0.1 % — 
N-free extracts 27 % — pure libre 4.5 % — ash 44.1 %. 

The following are the results of 3 analyses. 

Analyses nuROE’s 

of Geumch and KUndRASS analysis 

Untreated seed 


Water 14 4 % 10 2 5 :j " 

Crude rot inn :t0 0 34 J 42 1 

Crude fat 3 1) r> 1 3 8 

N-frec extracts 3S I :i5 7 10 0 

Cnido fibre ! 1(1,0 J2 3 2J) 0 

Mineral substances 3.0 2 0 3 1) 

Cotton seeds. — It is well-kiiowm that cotton-seed cake, largely 


u$ed as a stock-feed and a, fertiliser, is matle from decorticated 



(1) Klincj, Dr. M., op. cit., p, S3; 
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cotton seeds from wliicli the oil has been extracted. Not all apjricul- 
turists however Inw^ at their <lisi»osal a Imllinj^^ machine with which 
to prepare this coiieeutruted f(*ed for their stock, but they can adopt 
the iiK'thod employed by many Jarmers in Queensland who boil the 
seed in water for 15-20 minutes and pve 1ht‘ freshly-boded seeds 
every day, especially to dairy cows, mixed with some dry, or ^reen 
bulky fodder (.1). 

It may be useful to give th(‘ ]U‘re.entag(‘ com])osition of the sc^eds 
following other species of wild plants of Avhich tlie see<ls were 


recommended for use 

as a 

stock 

ft‘e 

d during 

the 

W ill- (2) : 


' CS 

"c 

ci 

c. 

c 

X 

0^ 

u 

cn 

O) 

< 



1 

1 '' 

^ 1 


c* 

X 

5 

o 



h( I'tihiin', 45) . 

14.2 

S 9 

2 1 

63 .1 

7 2 

4.3 

(.'fiMlc. llniscs, Swine. 

Bunn ns arm is 

14.2 

0.7 

1 0 

5 7 5 

12 2 

5.4 

id id 

Chf nnpo'itutn alhiitti . , 

12 2 

15.3 

6.5 

40.7 

20 3 

5 0 


'J'nJirnni r<'}n ns ^ . . . 

1 ;t 2 

S S 

2.8 

< (t 0 

9 5 

1.7 


Cl ntaurf u r ynius . . . 

12 9 

12.S 

1 2.3 

43.7 

1 5 5 

2.H 

>Mtli raiilion. 

Cun ml ruh/s m »i n.sii, . . . 

10 ;i 

18.5 

6 0 

17 6 

14.0 

3.6 


Col in m Ajiorinc ((ic 45) . 

0.7 

1 1.3 

4 2 

64.4 

6 (; 

3 8 


Jlajifionus liojihaniiil} utn 

; <i ') 

10 0 

«> S 

43 3 

30 4 

2.6 


Gontfionulo lift pane ulns(j[iir 45) 

! 7 1 

. 23 6 

25 6 

‘*2 2 

10 1 

1 1.4 


Sopunono I'ocfitna . . 

; 12 2 

, 12.9 

3 0 

6 1.8 

4.8 

4.2 


Sf.napis arrinsis 


2K.2 

28.2 

22 0 

9.6 

3.8 

Iunled 111 will IT 

PJrysifnntn om ntoI> . . 

i H 5 

27 3 

28 2 

25.0 

6.9 

4 J 


MdiiutUs olhft (i\^ 45) . , 

1 10 2 

•13.2 ' 

2.<; 

36 2 

13.3 

4.4 

fnonnd for rill sleek 

Vtcin SI piurn ... . . . 

; — 

i - ! 




- 

enn'iiiiiK IICN ; not to 








1)1*1 UHOd 

Vifia hirsiito 

' 0 7 

25.3 ! 

0 6 

55 1 

6 3 

2.7 


Culggcn nm htpathi/olmm . 

! 10.0 

12.6 ' 

5 2 

4 9 6 

8.4 

H.2 


Pohjgunum Cuiit'uh'ulus{?ig^ 4 5) 

J 0.0 

K) 5 ' 

2 1 

68 5 

6 4 

1.6 


Spcujuln orViHsis (fig 45) . . 

'KM 

13 0 : 

10,8 

52 1 

9.4 

1.6 

■ foiuge value — 





1 



cereals 

Trtfohv/n prnl., Midteoffo sat. 








(rnsiduos) 


20.7 

7.7 


- 


snecl, .sod, elc 

Medico go lupnlma (rcsidu s) 

— 

32.0 

6 3 

; 

- 


id id 

iSpinncio ohmera . . . 

K.5 

J 1 0 1 

3.9 

50.6 

2 1.4 

1.6 

' used like bectsend 

Iris Ppsiudoaconis . . 

, 4.6 

9.7 ! 

14.1 

26 3 

4 3 2 


for ponll rv 

Rosa canina . . 

i 7.7 

10.1 

9 3 

, 35 9 

34. K 

2 

ground, for entile and 








' liorscH 

Acacia .sp . ... 

.4ffr plafanoidcs (*)... 

10 3 

38.8 

10.2 

1 23 1 

13.6 

4 0 

foi all stock 

9.9 

24.4 

1!) I 

3 3 6 

♦i 4 

6 ;i 

Acer Pseudoplatanus (*) . . 

14 3 

20.0 

13.0 

27.4 

7.9 

8.7 

, iiiixe l witli ollieTfornae, 


(*) TheHo Bends fire faiily iieh in tnniiic acid (0,74 0 l(i %), No etTicucjous moans 
of removing it aro yet known. 


(1) Cf. Queensland Agr Journ., Vol XVI, No. 5, J^nshaiio, 1921. 

(2) Cf. KniNO Dr. M , op. cit , p. 151 
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15. — Waste from Potatoes4(l). 

Potaloes as a Htock-ferd — When potato(‘S arc* inoiilcly, and hence 
iinsnited lor lininan (ionsunijdion, 1-liey can be giv(‘n 1o swine, or used 
for making; alcol)ol. 

Wlicai inic^ndcMl lor esjiecially if it is (lesirc^l to keep the 

polato(*,s until atU‘r May and there is no meaua of drying them 
artificially, tlic* tubc‘rK should be storcil by first stc‘anung them and^ 
tlieii placing 11ic*m in tr(‘n<iic‘s willi air-tight walls. If all aii**ls 
exc‘.ludc*d, lossc‘s during storage can be grciitly redutred by using the 
jmre cull ores of lactic fciiiuuit furnishcMl by the Ihiliu “ Institut fur 
Garungsgc*w'eb(^ ’’ (2). 

Drying is liovvevcu* a jiiucli bci ter met hod for kec*ping j)otatoea 
and was ]U‘actiscMl for the first, time, in 18tK), in (buiiiany. 

Ily 1915, tlicne \vei*c* already in that c‘ounhy 721 drying establish- 
ments able 1,0 (l(»al with 23,000,000 m. tons of j)o1atoes. In this 
proc‘,c*ss, t he tTd)C‘rs are iirst, cuit into slicu‘s (“ Schnitzel ”) of different 
shapes which arc dric‘d by a cairrent of liol air. Potato flakes arc* also 
first steamed and arc* the n jiounded to a j^aste whicdiis diic'd by 2 hot 
(*y]iridc‘rs. In ordc*r to obtain flour of c.ruslied potatoc*s KartolTel- 
wailzm(*hl t he tubcus are ground and them passed through a sic*ve. 
This Hour is usc‘d for human food, generally in bread making. The 
residue that ciings to the* sieva* is mixed with the* jtarings (to wdiicli 
a little of the* ])id]) still adhc*res) and makers a good stock feed (“ Kar- 
tollelklcie ”). 

In Germany, jiotat.oes were formc*rly always given to swine, 
but during the war, they wc*r(* fed fresh, or dried, to cattle, sheep, 
and even Jiorses ; latc*r, thc*ir use for this puriK)Se was forbiddem ami 
only S})oilt potatoes might be use*, cl feu* pigs and poultry. 

During the war c*xperiinc*nts wa*re made at the Jb*rlin Univer- 
sity witli the ])ota1o parings forming ])art of kitchen rc*fuse (3). These 
parings, alter having been dried and gronnd, w'c*re, led to young pigs 
weighing 30-40 kg. at the rate of 0.5 kg. per head and per day. The 
protein and fibre contained in tliis rc*sidue were diffi(*mlt to digest 
but thc*ir digestibility coellieicmt was little lower than that of dried 
potatoes. The food value of the ])arings is about 80 % of that of the 
potato slices. 

As r egards their chemical composition, potato haulms much resemble 
good meadow^ hay, if they are cut immediately before the t ubers are 
lifted and are then dried. Thc^ haulms can also be made into silage. 

According to an analysis made in Germany (4), dried potato 
haulms have the following digestibility values : organic matter 64 % 

(1) Prof Dr. J. Hansen and Dr. Fii. Atinolut, Bvitrwjc zur Kriegswlrtachaftx Die 
Kartoffeln in der KneppwirtBclmft, Berlin. R Hubbinc, 191CJ. 

(2) Fer tbe preparation of sour potatoes, see also : Part 2, of t\\^AThcitrnderQvji(>llHchaft 
zur wirtachajtUch zUH'ckmdssigcn Vrrujindung dtf Kartoffeln. Bortiii, \A^, 9 Eichhomptrasae. 

(■J) C7f. Deutarhe Landw Pressc, Year 43, I'fo. 31. Berlin, 1916. 

(4) Cf. Landw, Jnhrbilc/nr, Vol. 46, Part I, Berlin, 1914. 
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— crude protein 57 % — crude tut 53 % crude /ihre 60 % — 
IST-free extracts 68 % — caIori(^s 63. 

The haulms, after liaxiiig* been sila^jed for 2 moiillis, were divided 
into two lots, one of which was kex)t fresh, and the ot,h(‘r dried, their 
percentage composition A\as respectively as follows: organic, matter 
01. 8-84. 7 — crude jnotein 02.3-55.8 — crude fat 06.4-77.4 — lil)re 
49.3-01.8 — IV-free extracts 02.7-00.7 — calo 58.4-00.1. 

Potato haulms are given dried like Ijay to horses and cattle; 
the silage can only be fed to catth*-. Drying or ensilage of the 
h^lms is essential for cattle : they may Ix^ fixl green to shca^]) at 
the rale of 2 kg. per head and ])er day, ])lus a small hay ration. 
Silaged, or dri(‘d, haulms ^vere given to slu^ep at Ihe rate of 355 jjm. 
2 )er head and per day, plus 280 gm. of hay. 


16. — Residues from Starch and Fecule Factories (1). 

Krsidues from starch factories. — These mal<(‘ a good stock ft*(*d 
containing all tlie nutritive princajdes of grain with tln‘ exception of 
starch, gluten and th(‘ solubh‘ substances nanoveal by v\asliing. 

In the modern method of making starcb by th(‘ vvoilcing up of 
Hour, the water remov(‘S the starch and leaves the gluten which in the 
old process was destroyed by putrefaction. Tt is tlu* residue of this 
new Jiudhod aft(‘r removal of the gluten, starch and soluble matters 
in the water, that constitutes the stock teed. 

Part of the water is removed from the r(‘sidue by C(mt riiiigation, 
then file mass is air-dried, so that it wdl keei), and made into cakes 
or meal. The residue from wheat grain contains : wabu’ 14 % — 
2 )rotein 14 % — fat 1.10 % — carbohydrates (>8 %. 

From 100 kg. of mai/e can be obtained ; 50 kg. starch and 
25 to 30 kg. of a residue with the following percentages composition : 
juotein 10 — fat 0.5 — carbohydrates 15. 

These r(*sidues are fed t.o steick mixed with hay (jr a cho[)2^^'<^ 
straw, chatT etc. 

Pulps fro7n fccule factories. — These*, are a. mixture e)l tibre, fe- 
cule and small quantities eif albumine)iel substane*,es. They are re- 
gareled as a su])j)le*mentary fooel for e)xem that are being faltemed anel 
for elaiiy cows ; the*y arc given togedheu* with e)il-(*akes. 

The pulx)S must be feel fresh as soon as they are obtaineMl, as they 
underge) alteratiems rendering tluun injurious to animals. If, he)w- 
ever, it is necessary to ce)nscrve them, half their wateu* is j)resse*d out, 
anel the*y are then made into silage, or they can be dried and gremnd. 
The percentage (composition of the fresh pnlj) (2 analysess) was : 
water 80 — protein 0. 7-0.9 — fat 0.1 — ^s^-free (extract 11.0-11.2 — 
fibre 1.8-1. 4 — ash 0.4 — The air-dried i)uli) contains: water 14 % 
— protein 15 % — fat 1.1 % — N-free extracts 6.8 %. 


(1) Cf. : 1) Fohmenti, op cit — 2) Fritsc'h, op cit — M) Kazous, op cit — i) Landw. 
Jafirh.j Vol. 44, Part 5, Berlin, 1013. — 5) Landw Ticrzucht, Year 18, No, 21. Hanover, lj^l4. 
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WJien IhiH pulp is Hilaged, it is arranged in allernate layers with 
beet sliet‘,s, oil-cakes etc. As soon as lernientation sets up in tlie mass, 
the latter is vigorously niix(‘d with a fork, al'tei* wliieh it is suitable 
for stock, not cxc-ciding sh(^ej). 

It is also rec.oni mended to cook thes(‘ r(\sidiies in caldrons on tlie 
lire* or with a steam ja(^k(‘t. 

The anumnts of ]Md]) that, can be added to the daily ration of 
hay, straw, oil-cak(‘ (*t.c., are: loi* dairy <*.ovvs 15-1^5 Kg. — ioi work- 
oxcji 113 Jo kg — foi' fattejiing steers of 500 kg. weight 20-25 kg. — 
for sIkm*)) ])ej- 100 kg. live weight: 2-2.5 kg. — for liors<‘S 2. 5-5. 5 kjj 

Tl](‘ (hied pulp keej)S a long tiim* ; its percmitage com])osltiou is 
as I'ollow's : water 18.25 — i)rot(Mn 1.2 L — fat 0,51 — carbohydrates 
00.23 — hbre 11.08 — ash 0.05. Tin* corresponding food value* obtained 
by multi jdying the ])]‘ot.eiii by 3, the fat by 2 and t lu* libre* by 0.5, 
and th(‘n adding to the sum t he value of t he earbohydrates, is 85.13 %. 

WashifHj 'irahrs (r(‘sidual wat.er, watei* containing glutt*ii) are 
fairly lich in lertilising <‘l(‘nu*n1s, and the deposit they niak(‘ when 
at rest, js us(‘d tor a manure. In starch-making, tliese waters are 
freed from tin* fats which arc* mixed with ))ran, the lic|uid b(*ing ex- 
])ressed by nH*ans ol' a Jilt.er-j)ress, and the* resulting mass is dried. 
It forms a cake* wdth the following average (‘.omposition : water 12.2 % 

— ligneous matter 0.9 % — fat 7.9 % — carbohydrates 51.25 % 

— ni(rog(*nous substanc.(‘s 11.25 % — salts 7.25 

The j)oinac(* induces greater thirst, than the raw materials from 
which they arc* derivc*d ; this is chietly due to its higher potassic salts 
content. No sail juust. thc*refore be added to it. This ])omace ought 
to be givc*n warm, as it is then mcjre cligc‘stib]e, but. its availability 
is always c’cmsidc*rable. 

A stock -fcH*d known in (itujiiany as lb*iskh*bc*rfuttcu’ ” is pre- 
parc*d from the gliitcm l(‘ft as a residue from the* manulac*turc* of ric'c- 
starch. It. contains in addition to this gluten, some* forage ric.c^ Hour, 
and has the* following ])c*rca*ntage ciomposition : dry matter 92.30 

— crude* ])rotein 30.91 — albuminoids 31.25 — fat 11.80 — N-ITe*e 
extraeds 30.87 — fibre 1.32 — ash 5.31. 

An e*xi)e*rim(ui1 has be*e*n made* in fe‘,e*dijig daily (‘-ows on this re- 
sidue at. the rate ol 3 kg. per head and per day for the tirst period and 
of 5 kg. for tlie se*e*.ou(l. Its e*fle*e*ts showed it to have the same food 
value as a mixture of ])e*anut cuke, beet, slices and wheat loan. 

17. — Rice Bran and Husks (1). 

ll.i(*.e bran (known in Italy as “ jmla ve*rgiiie ”) is a residue of the 
hulling and polishing eif the* grain. It inclmles the meal from the 
exterior of the mesoe*,ar]), the embryo and part of the external starch 

(1) C'f 1) Miokcauelli, n 111 II giornttic dt RisicoUnra^ Year V, No 12, Vercolli, 1915. — 

2) Giuliani. K , in Annali drlVlsHtnio Agrnrw l>r A Vol LS, Milan, lOlS-lOlfi — 

3) (jiARKLJA, F , in an?in/? ZZn Acr di Agrtc diTonnn^XiA. LX Turin, 1917 — 4)GiU- 
i.lANi, n , 111 Mimrva AgTitria, Year IX, Nos 9-10 Milan, 1947. — 5) PiiioccHi, A , in 
La Clhiica rrCrrinurn/, Yi'ar XXX, Nos 14-15. Milan, 1917. 
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layers. This bran is easily digeslod, rich in nifrof^enons substances 
and in fats (of whi(di it contains more than oats), bulky and socm turns 
acid. Its quality c?in be determiiuMl by t he estimation of its acidity. 

Prof. N. Novklli advises rice bran bein^ presscMl and mad(‘ into 
cakes to enabh^ it to b(‘ ke])t longer. In any ease, it must be stored 
in a dry pla.ce ami often turned over. 

Pice bran mixed with ground rice husks is apt- to prodiuu* a coiii^h. 
It has no bad (dfect upon the milk and may be us(‘d to rephua* wh(‘at 
bran, 0.705 t,o 0.800 k<^-. bein^ substituted for 1 k^. of the latter, 
pwinj^ to its price, which is ^emunlly lower than that, of vvh(‘al bran, 
cnikvs et(*.., ric.e bran is a very economical teed lor (‘ows and drauf^ht 
hors(‘S. 

The bran without any addition of husks r(‘j)r(‘sents 7 to 8 % 
of the i)addy, or unpolished rice, Imt, the addition of the husks brings 
up the amount to 10 %. At least, 50,000 m. tons ofrica^ bran (amtaininc; 
750 tons of oil are annually produced in Italy. When llu^ bran is 
freed from fat, it, kco^hs better and is more suited for f(‘edin^^ stock. 
Py subjectin.u' dani[), hot rice bran to a pressure^ of 300 at,mosj)here,s 
at ordinary temperat ure*, Pr(d‘. Gauklli obi aim'd 0.5 % oT crude 
liquid oil with a specitic jL;Tavity of (^.01 li and a colour varying 
between grc'enisli-ycdlow^ and brownish -y el 1 ow . Jn appearamn*, rieo 
bran cake* much rc'scnibles sc'saim* cake. bran contains 10.7 ^7oo 
cruder ])roteiii and 17.1 fat, while* tlu' cake made from it contains 
20 ’7oo ^^kl5^7()o th(‘se substances n*s])e(dively. 

Ac.cording t,() I*rof. (jAukllj, it would be* ])ossibl(* to obtain by 
pressure from 2000 to 3000 m. tons of excelh'ut oil, and still more if 
solvents were em])loy<*d. This oil is used in making soap, fatly acids 
and glycerine. 

The j'csidts of .an analysis given by if. MioncAiiELia show the 
perc(*nt,age composition of rice bran to be* as follows : water 13.1 

— ash 7.1 — eaude protein 12.5 — crude fat 15.1 — fibre 10.2 — 
!N-free* extracts 45.5. 

Another analysis given by Ibnf. P. (liULlAisi is somewhat- dilTer- 
ent : water 15.6 — crude* ])rote*in 11.55 — etrmle*, fat, 13.6 — fibre 9 

— J^i-iree extraeils 40.1 — ash 10.5 — dige*stible protein 8.9. As re- 
gards food value, 0.931 kg. rice bran is eepia-l to 1 kg. of oats. 

The rations of rice bran fed by Giuliani to 10 Italian cavalry- 
horses for 66 days (5 pe*riods of 12 days) in increasing amounts were 
1-1.5 — 2-2.5 — 3 kg. with dee*.re*asing rations of oats of 3. 2-2. 7 — 
2.2 — 1.7 — 1.3 kg. and constant amounts of 3.5 kg. hay and 1.2 kg. 
8traw^ 

These horses re'-adily ate the rice bran made into a mash wdth 
oats in equal weights ; this bran can replace as much as of the 
oat ration without the* horses theri'by losing any of theur w'e*ight or 
energy. 

As regards cattle, we may mentie)n the experiments e‘-arricel out 
by Prof. A. PiROCCni, at the reepiest of the Commandant of the 
Milan Army Corps, ik the “ Istituto Zootecnico elella Reuola Siipe- 
riore di Agricoltura ” of Milan, with 20 w ork-oxen. The rice briyi 
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iifiod ooniainod 24 % of nitrofxonouH matter + fat, and ]iad been com- 
plet(dy freed from tin*, awns and eliaff which in other rice brans are 
liable to cause cou^lis. 1 of this ri(ie l)ran was substituted for 
2.035 k^' hay. 

The animals emjdoyed in the experiment ate tlie bran readily 
and it ])ro<lneed no ill ell eels on their health or workiii}^’ capacity, 
but sli^^dilly inen^ased their total live-weight. 

In eonebision, rice bran is residue that emi be recommended 
from ev(‘ry juurit of view. 

As already niention(‘d, it is soimdimes a<lult(a‘ated with r/ee hnsk^ 

Aee.ordiii^' to 3 analyses mad(^ by Kling (f) rice husks have 
the following av(‘ragt" l)ei“e.entaf^e composition : 

water 9.1 — crude protein 3.3 — crude fat 0.5 — N-free extra 
32.4 — crude fibres 38.2 — mineral substance 10.0 — Ace.ordinf;' to 
KiUiLNF.a, they only contain 0.1 % digestible albumin, ami their 
starch valu(‘ is 2.5 %. 

LI'UIjM ANN'S exjierirmnts liave shown that ruminants di^^ested 
10 % of thi‘ orj^anic matter — 10 % of the crude protein — 07 % 
of t he fat: — 35 % o1 the N-free extracts — 1 %ofth(‘ crude fibre. 

Thus it must be conceded that the food value of Mce husks is 
very low' as a ration for cattle, and that th(‘y aT(^ injurious to swine. 

18. — Brans and Oil Cakes. 

The above residues are p,Tou])ed under the same head in spite 
of their different origin, since it is merely intended to recall their 
existence. 

Th(‘se products are offered in larg(^ cpiantities, their market 
pri(*-(‘s are e,oiistantly quot(‘d and statisties are readily available. 
They have also long been emxdoyed for feeding stoek, so that for 
all 11ies(' reasons they have no sjiecial elaim on treatment in this 
Monogra])!!. 


19. — Secondary Kinds of Cakes (2). 

It appears advisable, however, to make an exception to the 
abo\'e-stated prineiple, in the case of certain cakes which are not 
distinguished for their (xuality, or quantity, and thus take a secon- 
dary places as compared with the principal cakes made from : lin- 
seed — (‘otton — maize — sesame — colza — rape — peanut — copra 
— l>rtlm-oil — puppy — soja etc. 

Of the secondary cakes which are only used locally, and to a 
limited extent on account of the small quantities made, the follow- 
ing may be mentioned : 

(1) (^f. Klinh, Dr M, op (’It , p 40. 

(2) C'l. : 1) Kellner, op. nt. — 2) Pott, K , op oil., ,Vol ITT. — 3) Kunq, Dr. 
Max, op. cit, — 4) liiTSSAHi), L. and Fron, G. Tourteaux de Qrainos ol^aginounes. Ch. Ainat, 
Puris, 1905, 



FEET) FOB LIVE , STOCK 


155 


Sunflower cake (fig. 53). — This has a rerlain iinporlatice wliere 
sunfiowers are cultivated on a large scale, as is especially the case in 
Eussia, in whicdi country the areas under cultivation and tJu^ crops 
produced from lOli to 1910 were as follows (1): 

JliiRsln lu Europe (*) lliissia ui Asia 

Are.'is Yield Aieas Yield 

j urre.s metric tons \ acres metric tons 

' |l 

I 

191+ ! 2,-l(>9.K71 787.s:i2 i: 1 (),ir<li 

( / 

19ir» . . . . . . . j ' 740, US7 |i 4K.410 | 11, SOI 

10 10 I i.si 4 . 7:14 -- ,| 42,7iri 

(*) For 1014 and lOI-'j, wilhout Polaud ; lt>r JOIO without Polimd and North (JaueasiiH. 

The chief sunflower-growing ciuitres in Eussia, are Kouhan, 
th(‘ provinces of Voroneji^ Saratov and Toinhov, and (he region oJ 
the Don. 

According to Wolff, +suiiflower-calve has t in* following jiercentage 
composition: water 10.8 — ash 6.7 — crude nutritive eham^nts : albumi- 
noids 32.8; fibre 13.5; N-free extracts 

27.1 ; fat 9.1 — dig(\stible nutritive ele- 
ments ; albuminoids 27.9 ; N -free extracts 

25.1 ; fat- 8.1 — Nu(ritiv(‘ ratio 1 : 1.6. 

Sunllower cake, like linseed-cake, 

<‘.ontains mucilage which givers it, dietetic 
I>roperties, but it also contains narcotic 
substances. 

Kelljvfr advises sunilow^er cake 
for dairy cows at the rate of 2 to 
2.5 kg. ])er head per day. Jt is also 
good for oxen and slieex) tliat are being 
fattened, and can be eaten with advant- 
age by horses, though it does not suit 
pigs as it fails to iriak(‘ firm fat. 

There are t wo kinds of sunflower 
cake, one made from whole seeds, and 
the otluT from decorticated seeds. The 
latter is much in request, in North 
Europe as a feed for dairy (‘-ows. In 
Denmark, it has been found that as 
compared with an equal weight of 
cereals, sunflower cake increases the 
yield of butter and milk and improves fk.. — Simfiowtr 

the quality of both products. From biuittini a., op. cit. 

(1) Cf. iNTEnNATiONAii INSTITUTE OE AoRinuLTUiiE, Olpaj^inouB Produrta and 
Vegetable Oils, pp. 84-86. Rome, 1923. 
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Th(*s(* (',iik(‘s, which arc liilfKiuIt to ffrind, kecj) well for a longtime. 

In addition to 8unllower-cake ])ro|)erly Ko-c^dled, there are also 
sunllow(‘r r(‘si(hies ” eoiriposed of th(‘ inleguiinnits with a varying 
admixture* of whole s<*eds. The analysis of this resitlue according to 
Kumg is as lollows wal or 8.9 % — crude* pre)le‘in 18.4 % — e.*mde 
fat 8.1 % — N-lre‘e e‘xtiaeds 25.7 % crude libre 89.1 % — ash 
4.5 %. 

JJemp (Uikv. — When in .ie)e)d ce)inli1ion, and free* fre)in foreign 
siibsl ane-(*.s, heinp-eiake* e*,an f)e* fed to adult animals e*S])ee‘ndly to 
elranght-hois(*s, but, Kr.LLiyKa advises tlie* (juaiitity be*ing alw^^w 
limited to 1.5 kg. per liead and |)e*r day. Oxe*ji and shee‘p that are^ 
being latte*ne'd may be* given 2.5 a, ml 0.5 kg. ie;s])ecj,iva*ly. 

In the* e*,ase of jjiile'h e*.ows the* amount must, be limit)(*.el to half 
a kg. i)e‘r day, as he‘m])-e*ake' is liarel te> dige*sl, rather heating and 
jnay e*v«‘n e*.ause abeirtie)!!. 

Aeie'ording to VV^OLrr, liemip-eake eumtains: 11.9 — 

ash 7.8% — eTiide* mitrilive* eh*men1s: albuminoids 29.8%; libre? 
21.7%; JS'drve e*xtrae?t 17.3%; fal, 8.5% — digestible* nutritive 
subst,ane?e*s : albuminoids 20.9 %; Jv^-lm* extracts 10.4 %; fat, 7.2 % 

— nulrilive ratio 1:1.0. ITemp-e?akc inake?s an excell, at fish-bait 
and a geMul foeid for fish in iK)iids, lisli pi‘e*serve‘S ede*. ll ke*e*])s badly 
howe‘ve*i' e*S])e('ially if it is ned salted and is s e‘ry dry. It. can l)e‘ useel 
as a, fertiliser. 

(Urmvh)ia cahr. — (^ame‘lina (M pagrvw satinun L.) is a relatively 
little-gre)wn (hue?iiera, ol wdiich the st*e*.els HU])ply e)il for ilhiminatiem. 
Kelliskk- states that the })lant femns a some‘what insipid stoe?k leed 
with a smell resembling that, e)f oniems and mustard. It, imparts 
a eliHag7e*e*able taste to milk, butte*r aiiel jiieat, and may e\a*n e‘-ause 
abe)rt,ie)n, theie*fore it is re*gardeel as a. fe*ed e)f little value, if not, elan- 
gerenis, and should always be used very sj^aringly. 

Ae*,ce)rding t e) Wolfe, it s percentage e*,e)m])e)sitie)n is as follow.s : 
water 11.8 — ash 0.9 — crude nutritive substances: albuminoids 
88.1; libre ll.O; I^-free extracts 27,1; fat 9.2 — digestible sub- 
stan(?(*s : albuminoid 20.5 ; N"-frec extracts 20.0 ; fat 8.8 — nutritive 
ratio 1 : 1.1. 

Brech-mast cake. — liecch nul-s, or mast, can be. fed hulled and 
ground to a,dult SAvine and cattle either dry or as a mash but, should 
never be given to hors(*s, as serious ami even fatal symptoms may 
result. An oil is extracted from these seeds Avhi(ih is used in the 
mountains both for illumination and for cooking. (See ]). 340). 

Deiikuain gives tin* respective percentage? cojiiposition of whole 
and of deco]‘tieated beechnuts as follows : nitrogen 3.85-5.94 — 
phosphoric acid 1.05 — potasli 0.72 — oil 4.2-7, 5. 

A beech-nut cake highly recommended for cattle has been made 
in Germany. Its staj*eh value is 40 % and its percentage comi)osi- 
tion, according to 2 samples, is as follows : water 16.35-10.07 

— crudi* protein 18.50-22.2 — fat 4.40-6.90 * — :t7-frec extracts 
29JD0-34.80 — fibre 17.70-21.5 — ash 11.20-4.40. Whole beechnuts 
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are poisonoas (Pott) but the hulled seeds eari be fed 1o slock at 
the rale of 2 kj^. 500 kg. of live-weight. Wliiui cooked, they 
make a good poultry-feed. 

The injurious substance jn'csent in beech-mast is probably an 
alkaloid produced when the schmIs begin to (lee()mi)ose on llu* damp 
earth ; it is especially toxic to horses, but api)ears to have little etTect 
upon (aittle and swine, provided the amount b'd is within the limits 
])reHcribed above. It. is best, to cook the mast, before fe(‘dingit ; care 
must be taken to throw away the water in which the nuts ar(‘ boihMl. 
S^jeep and goats refuse be(‘ch mast cake made from umUa'orticated 
nr®, but poultry eat it readily. 

The fat and butter of aninials fed on this cake is a little soft, 
but this can be remedied by suj)i)lementing the ration rNith a small 
amount of beaii-llour, ]U‘as, or soja. 

3la(lia calce. — This is mad4‘ by pressing the s(M‘(1s of the (haici- 
fera, 3[a(Ua sativa MoL The oil is used in soap-making. The cuke 
a])pears to contain an injurious ])rinciple (a. w(‘ak narcotic); only 
sheep that are being fattened can eat it and tlu^y in small ijuantities 
only (Kkli.ner). Pott limits the amount to 2 kg. p(*r 1000 kg. of 
live W(‘ight. 

Wolff giv(‘s the following as the ])ercentage coiriposition of this 
cake: water 11.2 — ash 6.7 — Crude nutritive substancos: albu- 
minoids 31.6; fibre 25.7; N-frce (‘xtra(‘.t.s 0.8; Tat 15 — Digestible 
nutritive substanc(‘S : albuminoids 22.1; JS-free extracts 0.1 ; fat- 12 

— nutritive ratio 1:1.8. 

Walnvl and TIazdnvi calces. — Walnut cakes contain ccu'tain 
bitter substances rendering them unsuited to dairy-cows, but they 
are a good feed for work-oxen and steers that are being fattened, and 
also for swine and poultry. These cakes (piickly turn rancbl and 
in this condition should only be used as a fertiliser as th(‘y imjiart a 
disagreeable taste to animals fed on them. 

CJontrary to the generally received opinion, IiTSSAUT) and PiioN 
maintain that walnut cakes ])romote milk [)roducd.ion. 

According to Wolff, their p(‘rc(mtage composition is as follows : 
w’ater b3.7 — ash 5 — (‘.rude nutritive* substance's: albuminoids 
34.6 ; fibre 6.4 ; N-free extrae*.t 27.8 ; fat 12.5 — Digestible nutritive 
substances: albumineuels 31.1; N-freo extraeits 28.2; -tat 11.2 — 
iii:trit.ive ratio 1:1.8. 

One analysis queded by Kltno give\s the following j)e*reontage 
composition : water 0.5 — cruele protein 9.5 — crude fat 9 — N-free* 
extracl 46.3 — cruder fibre 23.7 — ash 2. 

A similar cake is made from t he nuts e>f the haze*! (Cor jf lux a/rrllana 
L.) : It has the fe)llowing percentage* e*.e)mj)osition : djy malte*r 92.9 

— nitrogenous matter 17.4 — crude fat 62.6 — N-iice* extracts 7.2 

— crude fibre 3.2 — ash 2.5. Accoreling to Pott, heiwever, the 
number of analyses made is not suHicient. 

Haz(d-nut cake is superior to w'alnut-e*ake in so lar that it con- 
tains no bitter substances but stock elo ne)t eat it readily unless mixed 
with WTilnut-cake ; it is rarely put on the marked. Ilazel-nutj cake 



158 


PAET II. 


fiivst prossod hot and then cold still contains 8-14 % of oil : Pirotta 
and CosTANTTNo (1) rccomnwiid it as a stoc^k feed and when ^ronnd 
also lor hninaii lood. 

Tli(‘S(‘ authors found the composition of dry hazol- 

inif cake to lx* as follows: total nitrogen 8.3 — protein substances 
51.8 — ]S^-fr(‘e extract 30.5 — insert sua’ai’ 35.4 — Jlln’c 10.3 — asJi 7.4. 

Tohacro vakv. — (1. Paims (1*) has e.onducted som(‘ ex])erimonts 
wdth llu^ oil and (‘ak(* made from the seeds of Eastern cigarette to- 
bacco (Xani hi- Yaka, iler/j^^ov ina etc..). One i)lant of this tobacco 
])rodu(*(*s U.5 ^m. of sixmI as a^a.iiist 40 ixni. obtained from J^razil h^ 
tol)a<‘c,o. 

Italy could jnoduce as mudi as 200 to 250 metric, tons of tobacco 
S(‘ed, a residue which is at x)resent entirely unused ami wasted, 

I'he perc.(‘ntn,a’e <1011 ix)osit ion of tol)acco c.ak(‘. is; watca* 9.17 — 
crud(‘ protein 21.87 — (‘rude fat 37.08 — stardi and su^ar 0.05 — 
I)ent()sans 2.90 — br(‘ 7.15 — crude ash 3.81. The ash contains: 
1.97 % ])hospho]ic. acid — 22.12 % suljdiuric. a(‘.id — 3.45 % soda 

— 28.05 jMitash - — 9.51 lime — 14. (»3 mai^m^sium. 

The ])(U‘C(mta^u‘ coin[)osition of a tobacco cake made at: CVri^nohi 
was : wat,(‘r 11.83 — crude in'ot.(‘in 28.03 — crinb* fal 1 04 — X-frec 
extracds 31.11 — fibre 19.90 — ash 0.59. Xo nicotim* was ])r(\seul. 
I)ii»‘est ibilit y (‘.octlic.icuits : pr<d(‘in 05 — fat. 80 — X-free extra(‘ts 75 

— fibre 15 — nutritive, latio 1:1.8. 

Erom 250 metric tons of S(‘ed 80 tons of oil can be obtained and 
betwc(‘n KM) and 170 tons of enke for a stock -feed, or fertiliser. 

Vhvrnj and Plum-slonv vakc. — Experiments have been made 
in the rnil<‘d States io dd.ermine how refuse cherry-stones can besti 
be ns(‘d. AVhen thc‘ oil has been ext.racted (see p. 330), the residue, 
makes a ^iood feed for stock, it.s percentaj^c* composition when dry 
bdiiii’ : |>rotein 30.87 — ether extract 13.10 — X-free extracts 12.13 

— fibre 8.90 — ash 3.91. 

A (dnuTy-stone cake contained : crude ])rotein 8.3 % — crude 
fat 0 % — N-free extracts 25 % — crude fibre 40 %. During the 
war, the stones of cherries and of other friiit^s were used very success- 
fully in (lermany, for making cakes for a stock-feed. 

The following is tin* ])ercentage composition of a cake made from 
phiJH’Stoves : crude ])roteJn 4.1 — crude fat 4.5 — X-free extracts 
20.5 — crud(‘ fibre 57.0. 

Cake of Pumpkin seeds (Cucurhiia sj).). — In South Hungary 
and other eoiintri(*s where pumpkins are largely grown, an oil is 
(extracted from the scmmKs and the residue makes a digestible cake 
with a good flavour, though it easily turns rancid if any considerable 
amount of oil lias been alloweii to remain in it. The cake made of 
unde(*.orti(‘.ated seeds is better liked by stock than that made from 
deeorti(‘at.ed seeds. 

(1) \i PiKOTTA nnd A. Costantino IHilizzaziime di piauto ahiiientari solvaticho. It. Acc. 

Li net I (\im S(''ir)itif. fnr VAIitv Konio, 1019 ^ 

(2) (’f Bodrttiiio lecnirn del A’. ScientificoSpcnmcntalc dvl Taharro, Year XVH, 

1. Sen fat i, 102(> 
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The following table gives the percenlage composition of several 
secondary cakes. 


Cakes 

Water 

1 (Yndf 
prot(;lii 

Ciude fat 

.N -free 

extract 

Crude 

Ilbrc 

Ash 

Sinajtitf arvvnsiii . . 

... 9 f) 

30 5 

r. 0 : 

30 fi ; 

i:) s 

JO 2 

Guuotta ohijiTU 

... 88 

28 5 

4 G 

2G 1 ' 

17 5 

14 r» 

J.iine 

. . . 12 4 

12 9 


31.4 

28 1 

7 0 

J.emon-])i|)- 

Enondi tiilrnik nnfrnc,lui)f,ii?ii (Kn- 

22 1 

JO 8 

27 9 



pok) 

. . , 0 f) 

30 8 

i 0 3 

22 1 

2 12 

8 1 


Ainougsl other secondary cakes may be mentioned : olive residue 
calce — graye-seed cake (see p. 178) and thosc^ made from eninin 
(Comimi'm (Jymmnw), caraways ((Jaru7tt Carvi), fennel, celery, coriander, 
anise, mustard, and castor-oil seeds and from the seeds of Lepidium 
sativum L., Tlilaspi arvense L., Arabis saglllata J). 0., (hirrant. 
Coruns sanguinea L. (bitlej* and astrin^nmt), and Sarnbucus nigra L. 
(emetic and carthartic). Castor-oil cake is ])ois()nous, even in small 
qnant-iti(‘S. Kkllnkii says that after the poison has been removed 
or d(‘stroyed by boilin^i^ or st(‘aniinfi‘, it can be fed to stock but as a 
rule, aj^riculturists juefer using this cake as a fertiliser. 

Bice bran cake. — Ki(‘e bran already mentioned (No. 17), when 
freed from fat by means of pressure and solvents, makes a good cake 
for stock and still contains 8-9 % of fat, and 17-18 % of crude ])ro- 
tein. When tr(*ated wit h solvents it is almosi; free of fat and contains 
50-55 % of starch and keeps bet-ter (1). 

A cake is also made from sweet almomls and from bitter almonds 
res])ectively. TIh‘ former is good for cows, but tln^ latter is poison- 
ous owing to the presence of amygdalin and emulsin, substauees 
producing prussic acid. Both these cakes are eitixdoyed in the manu- 
facture of the almond flour required in ])erfuTnery, consequently their 
cost would in any case prevemt their being used to a large extent as 
stock-feeds. 

The above remarks apply also to aprieot-ca^kc. 


20. — Olive Oil Residues. 

Although olive oil residues are often compared to cakes made from 
oleaginous seeds, it is best to treat them separately, all tlie more since 
they are the by-product of fruits, not of seeds, and are handled generally 
in broken i)ieces, rather than in the form of more or less thick cakes. 

(1) Of. II Qiom. di Risicultura^ Year 13, Vercelli, 1017, and Year 

IX, No. 9, Vercelli, 1919. 
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According to R CirPFAiii 153 l](>ctolitres of olives wei^?hing , 
]2,060 kg produce ubovi 77 heofoJitres of rcsidiM' weighing 6,000 kg. 
for suhnequent washing in t]](‘ isepuraiing niiil. After washing, these 
77 hecloJilnss give aboul- hali* iJiis quantity of stones and 9.5 beefo- 
Jitrf‘s of skins from vdiic'Ji t he oil is (*xtracted. The rt*sl is a sediment 
that makes a good ieitiliser. 

Prof. (i. Bujgat^tj in a valuable artiele (1) says tliat olivu^, re- 
sidues \vlu*n IjcmmI from tlu* stones aiul redueed to Hour have been 
r(‘j)eatedly found to J'ottu a gocal stock-feiMl (‘speeially suited to 
cattle. On the oth(‘r hand, the residue eontaining tlie stones may 
diiee serious digestive^ trouble and should not- be fc^l to cattle, or even 
t o SAvin(‘, alt hough they ai‘(j less suscept ible. The stones are removed 
by m(‘ans of S])eeJal aiq)aratus like tlie Bracoi, Romki, Toccni and 
Kossttvi Stoners, or a cereal winn(jwer of which t he sieves are adapted 
to this ])urp(»se. 

Two workers can obtain daily 3000 to 3200 kg. of skins. 

Prof. y. 33JiA(xa (‘stimated that 00 to 05 ])arts outi of 3(Klofthis 
residue^ can l)e used, t]u‘ rest, is made up of stones. Ue gives the 
percentage composition of the residue fn^ed of stones as follows : 
fat 11.03 to 18 — enide juotein 13.50 to 13.08 — JV ree extracts 
22.43 to 41.38 — crude* libre 19.10 to 24.12 — Digestible albimiiiioids 
5.77. Tlu‘se figures, es])ecially those referring to tlie fats, vary with 
the kind of olivets, the method of ti‘eatm(*nt etc. 

As regards the raiions fed, Comiiiaiuler Couosso d’TTgent-o (Lecce) 
gave tli(‘ following : 

Ilorscfi nun'iiing and evening, oats and straw; midday, a mix- 
ture of olive residues and ^/j Hour of legiuninosae instead of 
bran. 

(kittle and swine in aildition to hay and straw, a mixture of 
olive-r(‘sidue Hour and Hour of leguminosae. 

Jfogs : olive residues up to of the ration. 

Prof. J»RA(Vi rec.ommends : Oxen and cows 2-4 kg. — Calves 
3-2 kg. — Patt(‘ning swine 0.8-1. 5 kg. — Sliec]) and goats 0.2-0. 3kg. 

T1 is l)eti(‘r to give the olive residues as mash or wash mixed with 
other sul)slan(i(‘s that/ contain little* fat and much nitrogen. 

Till* fresii residues must not be allowed to turn rancid or they 
may become injurious. 

I{esi(ln(*s that have been exhausted with carbon disulphide, 
dri(*d and winnowed to separate the stones from the ind]) and skins, 
can also be used as a (iattle-fi*ed, if mixed Avit-h liarley, Imin etc. 

Till* per(‘(*ntage comiiositioii of oMyc resiilnes as found by analysis 
at the Agricultural Exyieriinental Station of Modena Avas : digestible 
fat 3.<S0 — digestilde albuminoids 7.20 — N-free extracts and digestible 
fibre 39.10 — nutritive ratio 1 : G.7 — commercial unit 65,44. The 
residues an* Jed at the rate of : 1 kg. per head and per day to cattle 
and SAvine — 250 gni. to sheep and goats. 

(1) (.'f (j UiiK^ATs’Tt, J i’ut iIizzH/jonp dci cahfnnii dfirolivifullura neiraliiuentazione del 
bo.^haTne, li'fUtttino dtlla Societd dctjli Aijricoltoii fUiliinn, Year XVlf, No. 16-17, 10112. 
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During the War, olive oil residues were successfully used for 
'feeding pigs. Prof. (Jugnoni (1) made an interesting study in this 
connection. The crude residue may contain 50 % skins and 50 
stones, the skins are separatetl hy winnowing and given to 
stock. 

This author niaile evx)eriments in feeding ju'^s on fr(‘sji olive re- 
sidues and on those that had been exhausted by the* usual solvcuits. 
The respective iierceutages were as follows : 

r’re^li oljvt* Uxliaustcfl olnr 

ri'siduo n‘’'i(lu(.‘h 


X)j y BiibataiiceM, . .... 

S'.l Oh " , 

s n 7 1 

Jlipeatible iiitrogeiions Hubstauro.s . - 

0 :u; 

r> ()9 

N-free extracts rtnd hhre ... 

:{o 0 .") 


I''at 

. . , 0 !KS 

I 70 


Olive residue's could be substituted lor maize Hour: 117 kg. 
oC the latter was replaced by 148 kg. of fresh winiiowiMl n^sidnes 
(skins) and by 105 kg. ol exhausted r<‘sidues (skins). They caused 
no inconvenience to th(‘ animals employed in th(‘ ex|K‘rimenl, and 
the cuarseness of hair attributed by the pi^asants of Umbria to this 
diet was less observable with the exhausti'd residue than with tlu' 
fresh residues. 

Subsequently (in 1917), Prof. ('irGNONT condiictiMl ot Ikt leed- 
ing exjieriments on 3 cows (2) which were given fresh olive* ri'sidues 
for 3 periods each lasting 30 days (the first, and third jxu’iod scu'ving 
as a control ; the* ration consisted of hay H maiz(*-mea.l | bran I 
beets ; in the second jieriod, the bran was replaced by an amount 
of olive residue of eipial food value with the addition of 15 % of jiea- 
nut cake, that is t<o say, the mash contained instead of 2 kg. of 
bran, 1.8 kg. fresh residue free from stones in addition to the* 
peanut cake. 

From these experiment, s Prof. Cugnot^i concludes that olive* 
residues should be very fresh, thoroughly freed by winnow from all 
stones and supplemented by a concentrate. Tiider these* conditions, 
they have the same intluemu* as bran on the xuoduct.ion of milk, fat 
and live- weight, while tlu*y are more available than bran. Olive- 
oil residues are thus easily fed and are most suited to all stock, (*s[)e- 
cially dairy cows and swine. 

To give some idea of the total quantity of olive-oil residue* that 
could be turned to account in Europe, the following data of olive-oil 


(1) Of. II modernn Zouiatro, Year IV, Holopna. 1915, 

( 2 ) L'lndustria latliera e zootecnicaj Ypnrt, XVIl mid XVITT, ICruilia, 1019 - 1 93 O. 
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proihiction may bo quoted (1). By the help of a coefficient (2-2.5) 
the corresponding amount of fresh residue obtained has been dcter- 
mine<l ; in order, howevcu’, to allow ample margin for cost of labour, 
transport, preservation etc,., this coefficient may be reduced to 150 kg. 
of fresh residue ])er 100 kg. oil. 


Metru! tdiis oil 


Simin .... . , .... 12.12.251 { il 1 H) 

Ituly - . 17 1,25!) (id) 

Groooo . . . !)K 775 (J!H4 -1!)1S) 

Porfcut^ul . 2S,226 Od.) 

Austria :i,(a;!) (]l)00--li)15) 

TuriiHiu. ... .... , . .‘Id.OS.l (id ) 

Alpena 25147 (id ) 

Tolul 6 1 .1,409 rnotno Inns 

( 'itrr^ sftnuduKf frittJi dUvi-uil ti auhn . . 9^0,114 » 


AssuniiTig that e((ual amount of stomns and skins rcsjiectively are 
available wh(‘ther for th(‘ extraction of oil (by se])arating-mill or 
by solv(mts) or for stock fee<l, the following ligures result: for the 
production of olivivs in Europe: 


skins 400,057 metric tons 

slon(‘s 400,057 » 


'rile (*xtra(tion of oil from llie residues, (‘specially by means of 
solv(‘nts, lias however be(‘n largely develojied, and thus ljh(‘ skins freed 
from 11i(‘ stones are only available in part for J‘e(‘ding stoek although 
the (‘xha-nst(*d skins (‘-an also b(‘ employed for this pui'iiose, as has 
been seen. 

Since on the ot4ic‘r hand, at h‘nst 42 % oi oil (juitting it at a 
very low average) (van be (‘xtraeted from the skins, if we take from 
tin* total (piantity of skins ])roduced in Enrop(‘ (400,057 m. tons) 
the amount of oil (hat can be extracted from it, 55,200 m. tons, a 
mass of exhausted skins remain (404,850 m. tons) wdiich can well 
be fed lo live-stock. 

It is easy to calculate the (‘iiormons quantity of nutritive j)rin- 
ciples (‘on1ain(‘(l by this residue which (iouhl be turned to better and 
mor(‘ (‘xteiisne account than is done at iircsent. To obtain this es- 
timate A\c take as a basis the figures resulting from the analyses of 
th(‘ fresh and the (‘xhausted olive-skins above mentioned which give 
th(‘ folloAving annual averages : 


(1) IvTKnvATioNAL Inhtithte (IF AmiicjULTuiui, Yrnrbook oj Agricultural Stati8lictif\^\l- 
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lYesh residue 

KxliauBted residue 


in, tons 

in tons 

Dry matter . • . 

41.1 969 

.‘in. 997 

Digestible nitrogenous subatanci'^ 

24 059 

: 2.4 o:j5 

N-free oxtraefs and fibre 

. . [05 .UM) 

1 1 i;{ 2:10 


. . 15 9[;t 

; ti SS2 


^As was said above, Trof. (hiONONi lias be(‘u abl(‘, in ieediiij;;: pigs, 
lo rejilace ]17 kg of maize by 148 kg. of fresli oliv e-oil rtssidne and 
165 kg. of Ibe exhausted resiiiue. Ae-cordiug to Ihese ilgiire, the 
amounts of maize flour ecpu valent to the al) 0 \e giveji masses of re- 
sidue would fie as follows : 

Fresh olive oil residue 460.057 m. tons " Maize Hour 363.073 m. tons 
Exhausted olive oil residue 404.850 m. tons = ]VIaiz(‘ tlour286.374 m.tons 



Kk; 64 ~ - JJiiigvrtin wliowinp: tlie avrrapo AvorltJ prodnrtion of olivf'M»il residue (fijjurcw 
;!:iven nhove). 

Blurk =■ fresh residue — fJaicha/ =- exhauslecl residue — No J dr> matter; No 2 dii;- 
•^'stible mtrofzfnoiis siibstanceH ; No. :{ N-free exhacts aur) fibre ; No 4 Fat 


21. — Residues of Sugar Refineries (J). 

Bed pulp or slices — Tliese are th(‘ eompJelely exhausted residuibs 
of the beet, sometimes called diffusion jiulji. Tlie presstbl slices have 
lost a good deal (15 to 50 %) of their water, and are more suited for 
a stock-feed. When fresh, their average ptTC(‘ntag<‘ eomposition is 

(1) Cf. ; 1) Kellneh, o , op. cit. — 2) J. Fiutscu, op. cit — ;i) F Hazotjs, op, cit. — 

4) Barlow, H , The Agric. Gazette of New South Wales, Vol XXV, p 12 Sydney, IflU. — 

5) Koch, Fuhlmgs Lnndw. Zrit , Yoer 06, Nos 6-6, 1010 — 0) C O Townsend, 

By-Pi*orlur.tB of the Sugar-Begt and Their Usuh. 0. S. Dep of Agric Kepr. from Yearbook, 
1908 Washington, 1909. — 7) U. C. (’allow ay, Feedina Black strap Moln.s&cs to Young 
(-’alves. Lnuistunn St Unto. Agric hxji Stat , Hull No. 180, 1921. • 
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aR follows: water 90-92 protein 0.9-0.6 — fat 0. 2-0.1. — N-fre 
extraei 6-7 (MrNERATi). 

After pr(*ssure whil(‘ still fresh (20 % of the weifjht of the beetroot) 
they contain, acconlinjj; to Oorknwindek : water 71.42 % — su^ar 
3.62 % — fat 0.628 % — fibre 10.345 % — nitrof^eiioiis sub- 
stances 2.381 % (Tiitro{?(*n 0.381 %) — pectose and other investing 
subslances 9.431 % — mineral substances 2.172 % (1). 

For an ox wcd^ddn^ 600 kf^., the maxinium ration, according? to 
Wolff, is 32 k^. (d crude slices (95 % water), whereas uj) to 47 of 
pressed slices (85 % water) can be f(‘d, corresponding' to 53 
impressed slices; tin's ^jjives an increased conRUinj)tion of more tlian 
60 % due to ])ressure. Sila^ed pnlji can be ^iv(‘n at the rate of 15-20 ka. 
a day to calv(‘S 4-6 months old, of 50 k^?. to cows, and of 70 ki^. (in 
two rations) to (Jxen that are beinjr tattened. 

Th(‘ abf)ve-ni(uilion(‘d pnlj) is used just as it l(‘av(‘s tlie dilTusor, 
and its nutritive value is very low, for it only contains about 13 % 
of nutritive subst atKU's. Hence in order to obtain 130 kft’. of useful 
inatt-er, 1 Ion of ])ulp containing 870 kjj. of watcu' must be usimI. Such 
pulp is lroublesom(‘ to transport, further, the f^rowM^rs are obli^ijcMl 
to n*mov(* all tli(‘y want within the short penod of abou^ 2 y\ months 
and to prescu ve them in silos ready for daily use as recjuired. The pul]) 
loses about 10 % in the silo. After 7-8 monihs, it weifj^hs 980 tt) 105() 
kg. per cubic imdre. 

Therefore, providial tin* x)rice of tuel is low, it is b(‘st to dry the 
pulj), as is done in (lerrnany. 

The* average ixu’centage comt^osition of the dried pulp is as fol- 
lows : water 12 — ash 6.5 — protein 8 — fat 1.2 — fibre 18 — 
N-free extracts 55 (of which 5.7 % is sugar). 

It, ke(*ps well for a, long time, lief ore being fed to stock, the dj‘ied 
j)ul]> must be made to absorb the necessary amount of w^ater by putting 
it to soak in th(‘ gr(*at vats in which the mass is mixed up 2 or 3 times 
a day: 100 kg. (d‘ diied jjulp should lie juit into a vat of 5.5 hectolitres 
capacity. After 21 hours, it may be given to the animals. One hecto- 
litre of dried ])ul[) weighs from 27 to 28 kg. Tlie daily ration for a 
work -ox is 4 to 6.5 kg. with the addition of hay, straw and oil-cake. 
A COW' is given 4 to 5 kg. without, the addition of hay, stnnv or cake or 
3 kg. if these are added, or else may be fed 30 to 40 kg. of moist pulp. 
SlH‘ep rec(‘ive 0.6 kg. per head without any addition of hay etc., and 
horses are givtui 0.4 to 0.5 kg. daily. 

Molasses. — This is the residue of the beet-juice after the crys- 
tallisable sugar lias been removed, but it still contains a quantity of 
sugar that cannot \w sejiarated from the other substances with whicli 
it is mixed. 

Molasses represent 2 % of the weight of the beets and contain 40 
to 45 % sugar (which forms 63 to 71 % of the dry matter), 10 to 12 % 
mineral substam^es and 5 % digestible albumin. The mineral sub- 

(1) ('f. l\ Horist>r.l^feON, Traits de la fabricatioti dii snore de betteravo. L Geisler, 
Paris, mil. 



FEED FOE LIVE STOCK 


165 


stances are composed in a large ext.ent of potassic salts, but a little 
lime and a very smjll amount of phosphoric acid arc prescuil. 

According to Wolff, their average percentage e.oinposition is 
as follows: water 17.2 — ash 8.2G — nitrogen 1.28 — ])lu)S])horic 
acid 0.05 — sulphuric acid 0.16 — ])()tash 5.87 — lime 0.41 — 
magnesium 0.08 — soda 1.01 — silica 0.08 — chlorine 0.82. 

Beetroot molasses is a viscous liquid or ev(‘n a paste, of a <iark 
colour and pos.sessing a characteristic odoiii*. Its water contiuit \a- 
ries greatly : it may range betwtnm 15.5 and 82 %. 

Molasses is much used in alcohol manuiact lire, but also serves as 
a sTock-feed. It can be given alone, when suflic.iently dilutiMl, but is 
best used for sweid-cuiing oth(‘r foods, remhu'ing them very accuqdable 
to animals and obviating any danger ol’ colic,, or otluT (list urbane, (‘S of 
the digestive system. The exiapients enqiloyed should bi* waste* ])ro- 
diicts or residues suitable for feeding stock and not more* or less inert 
substances such as saw dust, peat, tanning refuse, walnut Hour, and 
maize stems etc. The h(*st exeaiaents an* : brewers’ grains, foiage 
cukes, maize germs, brans, and cereal otfals. Th(‘S(‘ should be* mixeel 
with abemt 50 % medasses. Straw' is alse) a goe>d e‘xci]»ie*nt . 

With the* e*xe*eptie)ii eil straw mixe'el with me)lass(*s, all e)the*r leeels 
e*,ontaining meilasses must, be* re*gareleel as eaincent rates te» be leil in llui 
following ejuantities per he*a(l aiiel jM*r elay : horse*s of 500 kg. 1.4 tei 
2.4 kg. — aelult eixeii 2.4 to 2.5 kg. — sh(*ep ami swine 0.500 kg. 
As regarels straw mixe‘(l w'ith meilasse's, <)te)7 kg. e*an be fe‘d t,e» cattle, 
0.5 te) 0.7 to slu*e‘p anel J tei 2 kg. te) jiigs. 

Sugar-cane molasses e*an alsei be* used as a ste)e‘k-i‘ee‘(l. Barlow 
has maele a foeiel e*e)m])e)seel of 80 % medasses anel 20 % sugar-cane* ])ith 
e)f w hie‘h t.he* [)ere*.entage* e*,e)mposition was : water 18.8 — ash 8.8 
— fibre 9.8 — * fat 0.4 — albuminoids 8.4 — sugar and elige'stible 
fibre 54.8. 

Dairy cows given 8.17 kg. per heael ami pe‘r day yie'lde*(l much 
milk e)f geieiel (piality but t he* e*e*e)iie)mie*, results we*re* ne)t sat isfaeitory. 

In oreler te) ceunple*te the* Htatistie*,s give*n for the* roe>1 -e*,e)llars anel 
h‘aves of Ijcets (se*e p. Ill), wh* will now give* the ameiunt e)i pulj), mol- 
asses ami their perc(*ntage of iiutTitive* substane*.e*s e*,alculate*el from the^ 
average world production e)f beet.. 

The pul]) is estimateid freim the presseel pulps, w'hie*,h aeueirding to 
Corkin' wuiNDlUv, is 20 % of the* wa*ight e)f beets use*el. The nutritive 
substane-es are reckoned ein the* basis of the elata e)f the* analysis made 
by COREXfWJNr/KR. 
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Tabljc T. — Amounts of crude ymiritive substances present in the 
pressed pulp of the sugar-beets produced in the wq^ld during the period 
1909-1910 to 1918-1919, taking the total production as 47,459,510 m. tons. 


\)ri(tunt (if jjreasod Jiulp . . 

(2" %l 

iiiolnc ton 

Sujjiir 

(:i<i2 %) 

343.007 ) 

r\it ... 

(0 Ii2» %) 

00.00!) .) 

Kibro 

KKiir. %i 

!)SI.0.37 .* r 

Ndro^('nou,s Uiiilitoi 

( 2 :tsi %) 

’J3ii,(»0‘J 1. 

Nilro^on of riitru^'cnoiis matters 

%) 

30.11.4 .. 

l\-r‘tos(' and uiveHLin^f subKl.atioeH 

('» %) 

son, 400 

iMiiiuriil ^ulislfincos . . 

(2 172 %) 

200.10 1 


(*) Till' iiinoiiDl (>l pulp, ur sliors, diiod to tht; c^vtunl fd 2 ,‘i 72 ,t> 7 r) nielrir tons. 


II. — The nutritive substances and fertilising waiters con- 
tained in the molasses from, the world production of sugar-beets during 
the period 1909 1910 to 1918-1919, the aynovnl being estimated at 
47,159,510 m, tons. 
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0 JO. 100 nu'tijc tun 
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12,140 >' 

l’bu'?pboTi(; anhydride 

(oor, 0/^, 
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PolMsb . . 

f ■» 37 O'' i 

1-* ' /o > 
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22. — Distillery residues (1) 

Potato waste. — After the Hlarcli luis been fui* Ihe iiiLinnfnc- 

ture of alcohol, all th(‘ oilier nutritive sulKstances of tlie potato remain 
in the r(‘si(hie. Tlie (inantity of water it ('oiitains mak(‘S its transport 
a matter of c.onshlerable diflieulty. Its ixncenla^e coinjiosilion is 
as follows: water 94.21 — fat 0.135 — libre 0.555 — ash 0.72 — 
albumen 0.99 — amides 0.34 — N-free extracts 3.02. 

vXeoordina' to Woi.ff, the percenlagi* comiiosition of tlie ash is: 
potash 4.24 — soda 0.73 — lim(‘ 0.49 — magnesium 0.81 — iron 
oxide 0.10 — phosphoric anhydride 1.816 — suliilnirie. acid 0.67 — 
silica 0.312 — chlorine 0.267. 

The li(iuid residues are collected as they leave the distilling apjiar- 
atus and are fed to dairy-cows and oxen tliat are being fattened. 

The dried residues keep well, buti owing to the jiresent high cost 
of fuel, the drying process IkS now loo expensive. 

Maize residue. — This is the waste product, resulting from the 
saceliaritication of maize by means of acids, or barley malt. If malt 


. (1) Cf : n Kkm-nkii. up. (‘it — 2) J FitiTSt’M, ui> cil. — 3) K. Pott, op. oil,., Vol. IXJ. 
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is used, the residue is an excellent stock-feed, contains when it leaves 
the apparatus emidoYed about 02 % water and 8 % dry inatt(‘r. This 
fluid deteriorates very (piickly and lactic and butyric acids are rornied 
and moulds appear, so that it becomes injurious to slock. 

For this reason, it should be tVd immeiliately, unless the solid 
matter can be removed by decani ation, pressed, and made into cake, 
but even under this form, the resiilue is ditlicailt. to k(‘i‘]) and furl her 
has lost to to 50 % of the nitro^(‘ii and solubh* phos})hates which 
remain in the decanted water. 

The only r(\‘illy satisfactory mannei- of presiuv this mai/e re- 
fus^is to dry it tirst on ^reat. ]dat.(‘s ot iron lieatiMl by steam, and alter- 
wards in driers wit h oscillating action, and t hen arind l-h(‘ dri(Ml siib- 
stanc(‘ to powder. 

When (hied in this way, all the nutiitiva' subslances present in 
the ^rain are retained (‘xct'pt th(‘ starch ^^hi(h has b(‘en saccharilied 
and transformed into ah'ohoL Thus desiccah^d, tin* residin' can Ix' kept 
indefinitely without fear of rermenlatioii, or mould ju’oduelion, aiid 
forms an excellent food for all domestic animals, (‘S])eeiall> for stock 
that- is beiiift' fattened. Tin' av(‘ra,^(‘ jiejccntai^i' e-om])Ositnm of dried 
maize rc'fuse is as follows: water 9.5ti — ml lo^^iuious substance's 
27.05 — lai 0.21 — N^-fri'e I'xtraets and libre H).78 — ash 1.81. 

The iiicivasi' in nitro^’cnous matter which rises from 10 % in tin' 
maiz(' ^rain to 27.05 % in the n'sidue is dm' to tin' disapp(*aranc(' of 
th(' starch. 

Anijuals usually (‘at this maize' waste readily; it is espe‘e*ially suit- 
able' for draujuht horse's, and is tVd dry niixe'd with an ('(]ual amount 
of oats. 

A woik-ox weiu’hin^ 600 k<i. may be ,<j:iven 0 kg. of hay and ti kg. 
maize residue a day. The amount of the' latter may be raise'd to 8.5 kg. 
and 2 kg. oil-cake' added in the' case of an ox that is be'ing fatle'iied. 
Maize residue is be'st fed as a mash. In fat-te'ning sheep, 500 gm. of 
maize refuse is more })rolit-able than 1.5 kg. oats bran f gremnd 
peas, while about 250 gm. is a good fattening ration for swine' of 
normal size. 

Maize re'sidue that lias been sae'.ediarilie'd liy nu'ans of acids is ne» 
longer fit fen* a stock -teed, but shenihl lie used as a fei*tilis('r on tin' lielels 
ne'ar the distilh'ry. 

The' re'sidiies from otlu'T distilled ('.('ivals (wheat, rice ete*-.) also form 
a good food for stock. 

Vmas.se, or pomace*, is the residue from the distillation of tin* must 
obtained liy the fermentation of staredi -containing tubers and the, 
grain of (*,ereals ; it also contains yeast., and its digestible* portion is 
very rich in albuminoids. The richest of these re^sidues is olitained 
from cereals, after which come potato and molass(*s vtnasses. But 
these last owing to their high salts e'-ontent are not suitable to be ted 
to live stock. 

Must residue is always given fresh to animals. Oxen t.hat are* 
being fattened and ehfiry cows may be fed 60 litres and 40 litres a day 
respectively. To sheep and pigs that are being fatte'ned only 2 to 8 
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litroB may be while 10 to 15 litres daily suffice for draught- 

horseH. ^ 

When fuel is eheaj), this distillation residue can be dried {maize, 
ry(*, or ev(*n barley malt-, being atlded when i1 is to be given to live- 
stock) 3 kg. a day may be fed to oxen arul dairy cows and 0.500 kg. 
to sheiqi destined for the butclier. 

Residue from Cherries. — This is the solid refuse from the distil- 
lation of “ kirschwasser It is given alone to poultry and mixed 
with boiled ])otato(‘S to pigs. It must not be forgotten that the stones 
of eli(‘rri(‘s, like those of ])liims, i)eaches, ainieots etc., contiain lauro- 
eerasirte which when acted ujjon by the emulsion associated wiTh it 
l)r()dne<*s prussie avid in the stomachs of animals causing serious toxic 
symptoms that ar(‘ iisnally fatal. 

Date residues. — In North Africa, date stones (generally crushed) 
are f(*d to camcOs, .she(‘p and goats. Th(‘ dry residues from the dis- 
tillation of fiurnentated dates are also used for the same purposes. 
A(‘Cording to ('ii. (liUAiU), the percentage composition with and without 
the dates is r(‘spectively : dry matter 52.90 — 53.32, nitrogenous 
matter 2.47-2.40 — fat. 0.78-0.10 — sugar, starch etc., 22.25-57.71 — 
■N-free (extracts 22.80-17.17 — fibre 3.39-2.55 — inimr l substances 
1.21-2.21. 

23. — Brewery residues (1). 

Piiewers’ grains arf* the refuse germinated barley after the latter 
has been freed Irom sugar and other soluble substanccss by boiling in 
whaler ioi th(* purpose oT obtaining beer must (2). When fresh they are 
us(‘d as a stock-feed, especially on farms near breweries. 

Dry brewers' grains are niucih more suitable for feeding animals 
than fresh oiicss, as the* latte]* are difficult to keep and cost a great, deal 
to transj)ort. fSIot more than 2 to 3 kg. per head and per day must be 
given to dairy (rows (E. Pott). They may be fed to fattening oxen 
and to sli(‘(‘i) (0.5 to 1 kg.) as well as to draught horses (1.5 to 3 kg.) 
sw4n(‘ and ])Oultry. 

Prewcu's’ grain contain all the fibre of the barh‘y and almost all 
tlie nitrogtmous matter and insoluble mineral substances present in 
the latter. When fiesh, their average x>cr(Huitage coinx^osition is: 
water 70.85 % — nitrog(*nous matter 4.7 — fat 1.7 — N-frc'e (‘xtracts 
10.5 — crud(* tibre 5.0 — ash 1.2. Dry blowers’ grams contain on 
an a^ (uage : dry inatter 90.1% — nitrog(mous substances 21 % — 
fat 7.5 % — Ts'-free extracts 41.7 % — crude fibre 15 — ash 4.8 %, 
The following coefficients of digestibility w(ue obtained from experi- 
nmnts with she^ex) and oxen: dry matter 78 % — crude fat 89 % 
— N-free (‘xtracts 03 %. 

(1) Cf : 1) J r'KiTscH, op fit. — L») P. Ha 70 US, op. ejt, — :i) Keu.nbu, op <5it. — 
4) Thr .fourmtl of thi Board of Ayriculturf', Vol. XXIT, No. 1. London, 1916 — 5) E, Pott, 
op. cit Vol in. T’ 280 — C) Th. Koi.i.eii, op. cit. — 7) Dr. M.^x Kling, op cit. 

(2) Tliero are also wheat residues but tliey are of inunli lees importance than brewers’ 
Pfrains. 



FEED FOn LIVE STOC^E 


16t> 

Brewers' grains are generally fed 1o stock inixeil with liay or chop- 
* ped straw. They be kept fresh for some days if put into very 
clean bins. If it is necessary to kee]) them longer, a silo is required. 
Other methods of preserving these reshliies aie : i) drying them in the 
malt-kiln as soon as they leave (lie brewing-vat; 2) making them into 
cake after centrifugation and steam-drying ; 3) mixing them with 
bran or different kinds of meal, making into loa\es and baking in the 
oven. 

Barley germs. — These are the barley developed embryos which 
are mechanically se])arated by the d<‘germer from tin* g(‘rminated 
barlt^y. This residue is very rich in nitrogen (4.5 %), sugar, potash 
and in phosjdiorie acid which re])resents 3 % of tli(‘ weight of the 
barley. 

E. Pott gives the average ])erc(‘ntag<‘ eomj)osition of dried barley 
germs as follows : dry matter 90 % — nitrogenous inattej' 24.4 — crude 
fat 2 — N-free extracts 42.4 — crude hlm^ PI — ash 7.2. From ex- 
])eriment s made on sheep and swine by Wolff and other inv(‘stigators, 
the digestibility e-oefficients were found to be: nitrogmious matter 
81-75 % — crude fat 68-05 % — Is'-lre<‘ (^xtratds 76-85 %. 

The barley germs arc <lrie<l and reduced to a iorage Hour that is 
best mixed with chopped straw when fed to stoch. 

In calculating the ration, the same amount of barley g(‘rms is taken 
as of Hour or <‘-ake. 

Barley germs ar(‘, much used in Germany as a food foi* hors(‘s, or 
dairy cows ; they may also be advantageously givcm to calves ; 2 
litres of germs replacing 1 litn^ of oats. When given to cows and (‘alves, 
these embryos are mix(Ml with beet [ud]), or molasses, fed at the rate of 
1.5 to 2 kg. ])(ir head and per day ; i kg. may be given to i)igs , 1.5 
to 2.5 kg. to draught horses and 250 gm. pej* 50 kg. of live-w(4ght 
to slice]). They also make a good i)oultry feiMl. 

Washmg residues. — During the washing of malt-barley, 1 % 
or even more def(‘ctiv<^ seeds that float' on the watiu- can b(‘ st*j)arateil 
out. These are collected and fed at once to stock, for being wet they 
wouhl quickly decompose. If the grain is viu’y dii t.y it. is b(*st to boil 
it first. 

The lees from the decantation of beiT in the rcdrigerator have also 
served as a stock-feed. The following are results of two analyses madi^ 
respectively by Yoltz and 8 chtilzf : water 8.5 and 5.9 % — crude 
])rotein 43.6 and 32.5 % — crude fat 3.9 and 4.1 % — N free extrarCts 
32.9 and 53.4 % — crude fibre 6.8 and 1.7 — ash 4.3 and 2.4 %. 

Hop residues. — These can be used both as a fertiliser and 
stock-feed. As regards composition, they correspond to clover hay 
of average quality. Although experiments in using hops for leeding 
live-stock had been made previously to the w^ar, it- was only during the 
war that they w^ere much employed for this ])ur])ose, both alonc^ or 
mixed with beer-lees and (‘ven with other brewery refusi*. When dry 
these hoi)S contain 6.2 to 9.6 % water — 23 to 22.4 % ])rotein — 
37.4 to 28.5 % N -free* extracts — 24.5 to 28.2 % crude fibre — 5.3 to 
4.8 % ash. 
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Kkllner found in his (‘xporirnentH on sheej) ihat the digestibility ^ 
coeihe.ient of the nutritive subslances in this foyd with the exception 
of that of the crude fat was lower than the digestibility coefficient of 
any of the food-stuffs hitherto analysed, only 38.6 gin. inotein — 2.4 gm. 
fat — 15.5 grn. X-free extracts and 41.1 gin. crude fibre being available. 

This is due, amongst other causes, to the fact that the crude fibre 
contains 24 % of lignin. Further, the fat (ether extract) is not pure, 
but is inix(‘(l witli resinous substances, and some of tin* ])i‘otein is conn 
billed with tannic acid which hinders t.h(‘ acdion of the digestive fluid 
As animals do not readily eat thes(‘ hojis, they will nev(‘r be much em- 
ployed as a stf>(‘kde(‘d. Their digestibility is somewhat imjuoved if 
they ar(* ground and le(l rvith other substances; they have been re- 
c.oinmend(‘d as a us(dul addition to a ration ol cho])])ed straw. 

A\'e ha\c liaseil our calculations as to llu‘ nutiitivc^ substances 
obtainable from br(‘W(uy residues ujion the statist i(*.s furnished by var- 
ious Stat(‘s bet \v(M*n Ifill and 1913 (1) viz., almost uj> to the lime when 
beer ])i()duetion Ix^c.ame at)normal instead of taking the ligur(*s for the 
quimjuennial jxuiod 1916-1920. This lattiu’ includes 3 y(‘ars of tlie war 
and 2 y<*ai'S of tin* post-war reginn*, wlum tlu^ data a ^ atlabh' were 
scar(*(‘, there w(T(‘ no retuins from TTuiigary and t h(‘ llalkans. and the 
output of brew(*rs' grains and barley embryos fc'll far b(‘U>w t he piM^-War 
figure, and was gi(‘atly inlerior to tln‘ ])res(‘nt juoduction. An incre- 
ased supply may lie exp(‘cted in t he future*, as a resuK of tJu* re\ival 
of industry and a return t(> noiinal conditions in the differeait (‘ounlries. 

Foi the Euro]K*a,n States, Argemtfna, C'hili, rnit(*d Slates and 
Ja])an, and for C(‘rtain oth(*r countries, tin* following lotals are* obtain- 
e«l by niulti])lying the* be*er product iein by the resjiective* e;e)e*tfieae‘nts 
viz., 6 % for dry bre‘we*rs' grains aiiel 1 % lor elry e*ml)rye>s : 

Diieel brevNeus’ grains. 1,757,188 in. tons. 

Dried embrye>s . . . 292,873 j 

Tkr amount of 'uuiritirc , substances obtained from the ivortd's brewery 
}trod'Ucis dur'eny the period 1911-1913, taJavy as a basis 1,757,188 
VI. tons of dried brewers' grains and 292,873 ni. to7is of dried emhrjfos. 
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24f - Yeast or Ferments (J). 

During- the dearth of food prodiict.s at tlu‘ lime of llie \v;ir, 

experiments were eoiidueied, not only on aelivc* l)(*ei- yeast, but .dso 
on other yeasts and rermeiits, with a view to dcderminin*^^ ho^^ fa]‘ they 
were suitable for stock -feeds or for human eonsumj)lio]i. 

Dried be(*r yeast is us(mI on a larj^e scale as a e.oneeiit I'ate in (ba inany, 
while in Kn«'hind, tlier(‘ art* also factoiu‘S wdi(*rt* llu* drital yeast is 
prepitred and exi)OSt‘d to the extt'ut of ovt^r ;U)0() Ions pt‘r annum. 
KoiiLNKU ‘^'iv(*s th(* aA taati’e p(*r(‘.(*n1a^t* e,om])osition ol this beei-yt^ast 
as lollovNS ; water \.3 — l)rotein 18.,") — oil O.b — fibre 0.5 — ash JO. 7 
— solul)U‘ carbohydrates '15.5. 

hiXl)erim(‘nts made in Torkshii-e Inn (* ))rn\(‘d tliis yeast to In* a 
good food fo]- cows, ealv(*s and swim*, although cows do not <*at it read- 
ily, ])robably on ae(*ount of its bitter lastt*. l»(‘ing \a‘ry^ lieji in i>i‘ot(MU, 
beer yeast can i)e mix(‘d with other le(*ds such as oil-cakes (‘le. 

F(*eding (‘xperimejil s with brn'-t/rnfif w(*r(‘ c,arrit‘d out during the 
war at the L(‘(*ds I0\p(‘rim(‘nt Station (England). Tin* pei’et^nl ag(* com 
j)Osition of tlu* yeast was: wat(‘r 10. 0 — crmb* albuminoid s (7.7 % 
aitrogen) 18.5 — oil 0.5 — crude fibre J.O — ash 8.1 — soluble (‘ar- 
bohydrat(‘S 50.0. 

In the east* of tin* cows, t lit* ettect was e-om|)art‘d of an od-eakt* ra- 
tion of 1.50 kg. |)i*r hea-d and per tlay anti that, of tin* sanu* a-mount ol 
yeast to wiiitdi liad been addt‘d a small tpiantity of molass(*s to e.orn*eJ 
the bilJer tast.e. Tht* yt‘ast ])rt)\'es a litJlt* su])t*rior to t ht* (*ak(*. With 
pigs yeast; was led in place of tlu* same weight; of sharjis with tht* re- 
sult that the animals in(ueas(*tl more in li^’^‘-vM‘Ight , thus showing yt‘ast 
to be an excellt'nt j)ig-fet*d if gi''t*n as a siifjplement to the ordinary la- 
lion of substances richi‘r in startdi. 

In (Germany, b(*t*r yt*ast was led altint*, and also mixt*d with drit‘d 
brewt*rs’ grains in the proportion t)f -5 % y»*ast to 57 % grains. Tht* 
mixture was dried in a spt*c.ial manner. 

Tht* iiroduction ot* beer-yt*ast is reektined in (iermany at about 1.5 
kg. jier JOO kg. of barley. 

The annual output t)f fresh prt*ssed yeast ist‘stimated at 70 million 
kg. Vrhieh corres])on<ls to 21 millitm kg. of dri(‘d yeast. A \ery good 
drier is the Sestt) afiparatus of the “ Mastdiineniabj'ik L. Stiesf and ('o, ’* 
at JJussel<lorf-R(*isholz. In J9J3, this jilant was used in 20 factories. 
The drying oi)t*rat,ion is similar tt> tlia-t emiiloyed for jiotat o flakt*s, tht* 
pressed mass passes between 2 cylimlers turning ino])j)ositc dirt*cHt)iis 
anti heated insitle with steam (2). 


(1) Of : 1) hn Lnndw ViT/iuchnsl . Vol XCll, h>2() - 2) Landv' 

Jahrhuch, Vol 17, Pari 2 13orliri, llUl -- 3) Koztrltk, \oar2‘l. Nu 7t» liudupo-'t JIMJ -- 
4) Lantlw, Jahrh f’dr Hayrrn^ Year t}. No's II-I2 IMiinicli, l‘Mt> — •>) Kot.i.i a, Ih , op 
oit. — G) Kuno, Dr. Max, op cit 

(2) Of Koller, Dr Tii , op cat , pp 4:1-54 
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VoLTZ gives the average digestibility coefficient of the crude pro-^ 
lein, in Ihe case of different animals as follows : Jambs 0.6 % — swine’ 
00. S % — horses 69 %. The digestibility of the N-free extract varies 
from 76 to 100 %. 

Tt (tan b(‘ assiimiMl that yeast generally suits all live-stock and es- 
pe(tialiy [ligs lo which ar(* ied ax^tording to their live-weight (16 to 
90 kg.) from 150 to 600 gm. per head and per day. Mihdi cows receive 
1-2 kg. and li(»rses 0.5 to 1 kg. When mix(‘d with starchy foods, yc^ast 
(!an ]>e substitnti‘d for half the oats ration ; 300 gm. are fed to sheep, 
wdiih* it is mixed with pastes for poultry; 300 gm. of dried yc^ast -\- 
700 gm. ])otato ^lak(^s an* (‘(pud to 1 kg. of oats. ^ 

lloNftAMP has carried out feeding (‘X])eriments on slieep and goats 
using for the purjiose dried terments obtain(Ml by various processes, 
and undried bunumts, tin* so-calhul de])osits of the h^es. Sheep digest 
l)oth kinds of y(‘ast (‘cpndly wdl. From 72.9 to 93 % of the protein 
was (iig(‘St(‘d. Swin(‘ utilise* the j)rot(*in as thoroughly as slu^ej), and 
make* ])(*tt-(*r usi* (d‘ tin* ts-free* (*xtracts. 

In another (‘X])(*rim(*nt on she(*p, tin* value* cd' the ferment proved 
(*(pial to thal of soya-llour. As a pig-leed, hovv(*ver, y(*ast is interior to 
lish-m(*al 

From Voi/rz’s (‘xpeuinients in (i(*rmany, it. ai>])(*ars that yeast 
incirases llu* fat c()jit(*nt. (d‘ e.ow’s milk but U) a less extent than palm- 
oil c>ake. 

In Hungary, SdiiATSDL (‘xperinnmted with impurv bver-yrasl viz., 
y(*ast (H)mpos(‘(l (d a numbeu* of f(*rments that aft(T a (certain time 
(jontaimnate* it and rend(*r it unsuital)le for IVrmentation. Tie analysed 
the imjnire yeast (d' tin* F. (Yrmn brewing at Monostor, and found it 
to contain : water 87.67 % — dry mattiT T2.33 — albuminoids 6.69 
— fat 6.14 — N-fr(*e (‘xtracls 4.49 — ash 1.01. 

This y(*ast. cannot In* fed to stock in the* ('.ondition it leaves the 
bre\M*iy, for it contains too many ferments, has a bit(e*r taste and a 
disagreeable smell. SeaiANDn found that after it was cooke*d sheep 
and swine* would eat it. r(‘adily, while horses and cows made* no obje*e*tion 
to it after 24 hours when the* unpleasant taste and sme*ll had passed off. 

No bad eHec'ts resulted from feeding to two rams 750 gm. of chop- 
[)(*(! ch)ve*r I 250 gm. of y(\ast; 97.86 % of the albuminoids were dig(*.st- 
e*d, 82.86 % of tin* N-frt*e* extracts and 89.54 % of dry yu’otein which 
s])(*aks ve*ll for the availability of the ye*ast. According to Kellner’s 
tigun*s, the starch value is 9.871 gm. for 100 gm. eff yeast. 

l»e*e*r yeast had no special effect in incre*asing the milk yiedel of dairy 
cows to which it was fed at the rate of 5 kg. per head and per day as a 
su]>j)lement to the* basal ration (1). 

]yhiv-l(u,H, afte*r bedng w'ashe*d so as to remove* the tartaric acid, 
leave* a residue tliat can be ])ressed and made into cakes. Kling 


(1) Bof'r yoa.st wiia also j^iven lo dairy cows m Hohemia and the results obtained were 
superior to those produrod hy peanut cake Cf Zerntdelskdracj^a Prokralovstvi 6f‘ski 
Odbor. V Kttu'ihn Sinerii ('hovii J3on,jniclze nejli^pe pouiivatj suSenych kvnsnic Pivovareky- 
rhza NrVlirradu PokrutJu ? V Prafruc, 1917. 
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tried it on piga in Germany and found the aniintds digested it well. 
The percentage competition of this residue is as follows : water (>0.33 
— crude protein .12.80 — crude fat 5.47 — N-free extracts 3.80 — 
crude fibre 14.62 — ash 2.92 — tartiirie acid that ciiii be luMitvalis- 
ed witfi calcium carbonate 1.05 (Kling). 

This residue soon alters and becomes mucilaginous, tluaidbn^ 
it should be eaten fresh. The author recommends the crude yeast 
used to mak(‘ this cake being liist cooked. 

The daily rations jier heail are: for <lairy cows 1.5 lo 2 kg. ; for 
swine 0.200 to 1 kg. 

During the wai‘, a large (juanlity of artifivial or mineral yeast 
Kuristhefe ”, “ Mineialhefe ”) was manufactured by a jirocess in- 
vented by tlie “ Inst it ut, fiir (iarungsgewerbe ” (liistituti* of h'ermimtii- 
tion Industries) of Berlin. In many factories, molasses , ammoniacal 
salts and otlur mineral substanc(‘s were used in making artiiicial 
yeast ” wlii^ii was chietly us<‘d foi* human food, the small surplus being 
fed to live-stock. In order to prcjiare 10 metric tons of this fcjiiumt, 
30 metric tons of molasses were rcapiired in addition lo tlu‘ ammon- 
iacal salts. 

TjAwwau in 1910, suggested substituting urea for tlu^ am- 

moniacal salts, and cultivating these yeasts in pr(*mis(‘s adjoining large 
stables or cow-sheds, so that the ])ro(hict (‘.ould be fed undried to the 
animals. 

In 1917, Qtadk lu’oposed that the* molasses should be rc^placcMl 
by the waste wat(us from starch factoriiss or by potatoes boiled with 
sulidiuric acid, by hydrolysed tilire, the washing-water frcun wood oi' 
straw cidlulose factorievs, or even by peat, moss, lichens, lic. 

Dr. Meykr (‘stiniates the starcdi valueil of min(‘ral yeast at 50.9. 
The following ari» two analyses made respectiviiy by Voltz and Meyer : 
water 5.9 and 11.5 % — crude ]>rotein 52.0 and 45.1 % — crude fat 
5.8 % — ^'-free extracis 24.0 and 25.4 % — (‘rude tibre 0-9 — 
ash 11.1 and IS. 3 %. 

By in(‘ans of a special jirocess (not described), a yeast veiy ricli 
in fat (“ Fett-hefe ”) is made. Its percentage (‘.omiiosition is as fol- 
lows : crude protein 31.4 — crude fat 17.1 — N-free (‘xtrad 43.4 — 
ash 8.1 (Lindner). 


25. — Grape residues and Grape seeds (1) 

Grape residues make a stock-f(MMl IxToJe and after bumcuitation, 
as w(dl as before and after exhaustion with wat(‘r. 

(l) .A. Dhuttixi Dtz d'Aor Vol JT Milan, 19U1 — 2) .J Ejutscif, op ril - - .’1) A 
MiNozzi and V Niccoli, Alinunlazitmr del be^ttamc, Milan, Hooph, 1011 — DOttavi- 
MAnESCALCHi, I rcsidai dtllq rinificuzionr, Casalmoiiferraio. 1001 — .1) ]:)r M Kj,in(.. 

op. cit. — 6 ) 7 Rabak, Tho UtdiKation of Waste Rnisni HoimE S firfi. of 1 7/ Bur. 
of inanl Ind , Bull. No 27»!. IVaHhinirton. 101.1 
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Chemical composition of grape residues preoioiis to and subsequent 
to exhaustion with water (accordirjfi to Muntz). 
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Wolff nivcs tlu* (‘.onijn^siUon us; wairr (i5 — ash 

.'5.07 — y>Ii()S])l)oric. acid 0.4G — polash J.72 — liirn^ 0.4 — ma^iie- 
siiini 0.4 5 — so<lii 0.02 — siil])liun(i acid 0.18 — silicic* acid 0.38 
— cddorino 0.02. 

Acc.ordinj.? to O. Ottavi, 1000 parts ul Trcsli r(*siduc‘ ' ontaiii on an 
av(*raf»(*: 280 ]). stalks — 520 p. skins — 200 p. socmIs. TJu* residue 
n‘prc‘S(‘nts 25 % of t he weight, of ^rapc‘S, or liall of thc^ the* wine* jirodneed. 

100 kilo^iiUuuKss of unwaslic^d iTsidiic* as it lc*av*‘S the press ^ives 
about. 4 litres of watcu-frc'c* alc/oliol, or industrially, 8-14 lities of 50 % 
liraiidy + 2 k^. of r(‘ljn(‘d ereaiii of fartai’ (2.5 t.o 3 k^. of tlie coininer- 
eial pro(lu(‘4.), oOi^ni. of tartaric acid, 15 fo 20kj>. seeds and 30 k^. stripped 
stalks and skins. (Jrape residues Ironi which t he stalks liaye bc^en re- 
moved contain 07 % skins and 33 % schmIs. The distilled residue has 
the* followiiiL^ yu^rcenta^'c* coni]M)sition : watc‘r 58 to 00 — stalks 20-33 
skins 2-3 — sc*eds 12-10. 

Oenocyaniii and j^lyccuine are also e\t.ra(‘ted rroni ^l ape irsidiies. 

The stalks and to a still treater extent the* skins make a good 
stoek-le(*d. The food- value of grape residue* is about half that of aver- 
age meadow hay. As grape r(*sidiies arc* clifhenlt to ken*]), they must, be 
|)rotc*eted fi*om all contact wit h t he air by means of sc*verc* pressure in 
c‘xtremely tightly-packed silos. With every prc*caution, the portions 
touching the* walls decomjiose j*apiclly and have to be removed and iisc^.cl 
as a lertilisc*!-. One cubic medre of wc41-compressc‘cl residue may weigh 
700 kg. 

A bettc*r medhod than the one described above is to dry the residues 
in tlic* sun, or by means of artificial hc^at until they" contain only 13 
to 15 of w^atc*!'. In this condition, t]ieir food value is c*qnal to that 
of meadow' hay. KiC*sidues of stri})y)ed grapes clric*cl in super-heated 
air c‘ontainecl : wa1c*r 0 % — yuotein 14.23 % — K-free extracts 
60.25 do — fat 0.52 — ligneous matter 4.54 % — asli 8.43. 

32 kg. of dried rc‘sidnc» is ecpiivalent to 100 kg. of fresh residue. 

(Iround grape residues mixed with molasses (40 %) are often fed 
to live-stock. The addition of molasses makes them ke(‘y) well and the 
food value* of the mixture is very similar to that of oats. 
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The seeds make up about ^5 of the weight of t lie fresh residues. 
They can be separated from the dry residues by means oi a sieve. 

Grape-seeds are rich in easily-assimilaied inineral and nitrogenous 
matters, but. also eont.aiii much oenotannin (about 5 %) and henei^ 
cannot be classified among the really good stock-feeds. 

After the oil has bi^en extracted from the seeds (see p. 327) a 
cake remains that can be fed to animals (according to (.\irnevin, cattle 
may be given 11 to 13 lbs. piT day) mixed Avith bran, sharps, potatoes, 
beets^ molasses etc, or in mashes. It is also fed whole, or mixed with 
oats, to live-stock including poultry, bnl. only in Mmit(‘d (jiianlities. 

She ])ercentage composition of tlu‘ whole* s(‘(‘ds is as follows : 
w^ater 13.40 — crude protein 10 — fat 7 — N-fr(*(‘ exliaets 35.10 — 
crude* fibi'e 29.52 — ash 4.92. 

Messrs Menozzt aiiel Nkkjoli give‘ the* following as the* avenage* 
percentage* eiompositiein : digestible albuminoids 2.80 — fat 3.74 — 
N-free* extraels 20.22 — iniliitive* ratiei 1 : 10.2 — ce)mme*re’ial units 36.28. 

Kling e[ne)1e*s the* folleiwing analyses. 
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The pe*re‘entage eH)m])Osition of gra])e-se*e*ds ash is: jiettash 27.87 — 
lime* 32.18 — magnesium 8. .53 — eixiele e)f irem 0.10 — e^xiele* of 
mangane*se 0.35 — silieac aciel 0.95 — suliihiirie* acid 2.40 — phos- 
phoric anhyel. 27.01 (CuASSo). Other analyse‘s of the* ash (3.3 give* 
semu'wliat eliHerent results: pheisphorie*. anhyel. 10.71 % — peitash 33 %. 
(nj:e;RTTLLY). Paris Ibunel re*spe‘ctively ; 22.93 aiiel 21.52 %. 

This ash forms a gooel fe*rtilise*r. Tji Lemibarely, Pie'dmeint, Emilia 
anel Apulia ,the*re* are faete)rie‘s where eul is e*xtraeteel freun grape-se*eels. 

Xe) first hariel infeirmatiein is fortheeuning as to any important 
stock-fee*eling expe*riments with grajie-se'cel lleiur afte*r e*x1raedion e)f 
the e)il with Be)lvents. The “ 01i(*ne e Sapeineuie meridionali ” of P»ari 
have infbrmeel us that the few laborateiry experiments maele* have* given 
results of little prae4ie*al value. At iiresemt, the*se resielues are useel as 
a fuel which purpe)se they answer ve*ry well. 

This confirms what has already be^en saiel as to the Iboel epialities 
of grape-seeels, but for fiirthe*!* refe*rence there is aeleleel the* follejwdng 
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results of two ixueeiita^je analyses made at the “ K. Stazione Agraria 
per rAridocuH lira ” of Bari, forwarded by the ‘‘ Distillerie Italiane ” 
of Barletta. 
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As might b(‘ exj)eet(Ml, Ihe ntilisalion of grape residu(\s in (b'niiany 
during tij(‘ War was on a scale (juitt‘ beyond that found in any oilier 
V in (‘-grow i n g c( ) u nt ry . 

From the anlnmp of llHO, grape r(‘sidiies were commandeered. 
Tlu‘y weie dried, and the most of the seeds nmioved by sifting. The 
skins and stalks together with the small (juantity of s(‘eds r(‘maining 
W(‘r(‘ dried and ground to residue flour (or enofarine). The seeds 
w^en* generally used for making oil and oil-cak(‘. 

Th(‘ digestibility of this flour proved to be low, IM of 
the organic, malt(‘r, 14 y^ of the crude* ])rot(‘in, 55 % of tlie crude 
fat, .'30 % N-free extracts and 27 % c.rude fibre l)eing available. 
Ac(uirding as treated, the c,rude fibre content ranged from 20 to 
over 40 %. 

The amount of the dour that can be added to the rations fed to 
live-stock may be as much as 2.5 lbs, per h(*ad per day for cattle — 
1.1 lb. for shec]) — still l(‘ss for horses, ^onc* must be given to 
swine. 

The following are the percentages obtained in iwo analyses by 
Klino : w-ater 0.9-11.2 — crude xuotein 13.5-13.2 — crude fat 
0.4-4. 5 - - N-free (‘xtracts 40.1-31.4 — crude fibre 20.5-31.8 — ash 
0.0-7.9. 

A flour of grape residu(‘S disintegrated in some way (the method 
is not stated but it is i)robably one of the jirocesses described in ike 
case of straws, see p. 92) had the following percentage composition 
according to Kling: — water 15 — c.rude protein 12.5 — crude 
fat 5.4 — N-free extracts 23.0 — crude fibre 28.0 — ash 14.9. The 
(lisintegratiou process increased its digestibility, but only to a neglig- 
ible ext(‘ut, hence it was iiractically to be reckoned as a undisinteg- 
rated flour. 
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26. — Apple.^Pear, and Service-berry residues (1). 

The api)le residues consist o! the pulp which h«s been crushed 
and washed several tirues in order to extract Ihe juice loj- cider-making*. 
Wlien unaltered, this pulp can be prcititably ted either or dry, 

to live-stock. 

The same* apxdies to the resiilues of the pears ust'd lor ixMiy. 

From one t(»n of apxdes, about one q ua r I er of residues results. The 
average, immediate, percentage coinx) 08 ition of the latter is as follows : 
wat(^ 71.10 — nitrogenous substances 1.05 — fat 1.35 — sugars 
3.15 — carbohydrates 5.10 — fibre 12.55 — ash 2,50. Wolff 
found these residues contained the following digestible nutritive sub- 
stances : albuminoids 0.7 — N-free extracts 12.1 — tals 0.5 — 
nutritive ratio 1 : 19.1, 

Live-stock readily eat tliese residues (‘it her fr<‘sh oi* dry, if mixed 
with si raw, bran, (dc. They are fed soaked in w at er to pigs in the 
jiroportion of to Wq of the normal ration. 

As these residues quickly alter in the air, they are mixed with 
wdieat chatf or straw and silagcMl, after the addition of a litth* salt, 
under heavy pressure. 

Apfjle and pear i»omac<e are inincipally fed to the live-sto(‘k in 
the neighbourhood of cider and perry factories, and as the quantity 
produced in cid(‘r and perry making count ri(‘S amounts to some t(Uis 
of thousands of tons, these residues ar(‘ worth taking into ac-count. 

When they have turned sour and are thus unlit for a stock-feed, 
they are used as a fertiliscu*, mix(‘d wdth stable-manure and cninpost. 

The average i)erceutage eomx)Osition of ax^ple and i)(*ai‘ poma((‘ 
as given bj^ the results of 3 analyses quoted by Kling (2) are showui 
in the table below. 


Water .... 
Crude protein 
Crude fat . . . 
N-£ret> extracts. 
Crude i*eIluloHe. 
Ash 


J>>iie(J rt'sidiies 

ot 

ApjiU*'^ 

Piars 

1 1 b 1 

7 9 

7 7 I 

r> 4 

1 0 i 

:i J 

4S '1 ; 

r>r* j 

2.“» ii 

24 r> 

4 :i ! 

;( 1) 

fruits of tlH‘ 

cultivated 


Service-tree leaves a residue which has been emx)loyed as a stock ■ 


(1) Cf. : 1) Kazous, op. cit. — 2) The Journal of the Board of AgTii }iUurr, Vi^ XXII, 
Xo. 9 and Vol. XXIV, No. *6. London, 1916, and 1917 

(2) Dr. Max Kling, op, cit., pp. 145-14(1 
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feed in Germany. Atjeordin^ to Kliivg it has an average percentage 
coriiiioftition (jf : Avater (>0.6 — crude jjrolein 5.1 — crude fat 4.6 
— N- tree extracts 23.0 — crude fibre 5.4 — ash 1.3. 

Mention should also l)e made of the residues of the jruits of the 
arbuUis (Arbutus Unedo li.). The sugary juice of these berries is 
used in tlic‘ manuracture of alcohol, ancl the pulp, if fed at once, makes 
a good ration for stock. It contains, according to Prof. F. La Marca (1): 
water 14 % — ])n)tt‘in substances 13.45 — N-free extracts 31.05 — 
libre .31.30 — fal G — mineral substances 1.20 — commercial 
nutritive* unit. 71.28. 

(Uirraui residues (2) coming from tlie factories of pr(\servcs, s>rups 
and beverages are (‘S})(*cially rich in fat. According to Boucher, 
100 part s (amt aiii; 03.83 part s of water ami subst ances a olatile at 100*^ 0 

1. 10 nitrog(*nous uiatt(‘r — 8.30 fat — 8.00 ^-free extracts — 9.41 

fibre — 5.28 mineral substances. 

Thi‘S(‘ r(*si(lncs a7'e led dry or silag(*d. Sheep may be given 1.5 kg. 
<d‘ fi(*sh curiani residue and 300 gm. of tin* dried r(\sidue iict' head 
and ])ei‘ d.<> . 


27. Tomato residues (3). 

Now that the pr(‘st‘r\ lal tomato industry has become of such im- 
])()rtanc<‘, (‘Specially m Italy, the (pianli1-i(*s of the skins and seeds of 
thest* fruits left, aricu* tin* juica^ has b<*en extracted are very large. 

It has long b(‘en known that- th(‘se rt‘sidn(*s can be employed as 
a stockdVed and a source oi oil, but. the large (pianiity of material noAV 
availahh* at tin* factori(*s mak(‘S a still fuller use jiossible. 

Nuunu'ons res(‘arch(‘s have* b(‘eii uud(‘rtak(‘n, and much has been 
juiLdished on the subject o\' the utilisation of these* Avaste products, 
Avhieh (*an als(» be t.urn(‘d to account as a fertiliser ami fuel. The forme]’ 
is the more* ]ue)titable* use*. 

('hmival row position of drp tomato residues 
{jl(Oir made from the seeds and skins). 



e^rude siib-tancus 

nl^^r^stibil^ty 

coetfifieiit 

Digestible 

eiibataneert 

Water 

h S 



Aflli , . . . . 

... *} 2 


— 

Protein . . 

... 2:i 1 

77.M.1 

17 98 

Fat . . . , . . 

. . . : 2e» 

;)S.47 

20. J8 

Fibre. . . . . . . 

N-free extracts . . . . 

... 2o 

1 

17 84 

... 1 17 S7 

\ 


(1) F, La Marpa Jl f'oib^zzoU), Casale, Marppcalchi, 1914. 

(3) Cf R. UoLUN, op. cit,, p 229 

(!1) a) Ai'roMAZZO, P Utilizzazione dfii residuj della lavorazione del pomodoro Parma. 
i?u'. di Agric , 1920; i') Italy oecupiep the first place among tomato-growing countries ; her 



FEKB FOE LIVE .^TOrK 179 

Wlieii these residues eonsist of seecls without any adinixUire of 
skins, they probably <^ouie under the head of Kell]sm:r\s full return 
foods, since there is very little loss i luring rlij^estion. 

Tomato residues if ^iven fresh should be fed within 18 hours, 
but they are apt to disa^n-ee with live-sloek, and hem-e il is ])refemble 
1 o ilry and ^rind tluun to rather (‘oarse flour. The oil is always first 
extracted from (he se<‘ds. The Hour is fed to cattle in the form of a 
mash which tlu'y soon h^arn to like and eat with avidity. 

In th(‘ author’s <‘xperiinerits, neither hoises nor swim* would touch 
(hesi‘ iesidn(‘s. Animals that. Avould eat tlunn kejit in exci'lleut coji- 
ditidTi. They can be fed either alon(‘, in maslu's, or mix(*d with fodder. 
Small quantities with a little salt must lx* at, lirst, and the amoimtj 

iu(‘reas*‘d aftt*r 5 or days. These* r(‘sidnes have* no bad <‘lb*ct on the 
milk of dairy cows. 

i'hararters nj thr flour. — Tlx* Hour is i^roniid with the IJainlord 
mill, and also by m(*ans of onlinary uTindst oiu*s. It is brownish -r(*d, 
and has a jileasant sm(‘ll ed' tomato combined with a sliofhlly bitter, 
but not disa^’r(*(‘able lla\our. If the oil had not pri‘viously been ex- 
ti’aeted, the Hour is i»r(*asy to the* toiudi. Its sfx*(*ific liravity is H. 40 - 
H. IT). It k<‘e‘[)S well for a loii.u' tinu* if stoieii in a tlry }dac(*. ICven 
wdum whole*, il is not aleme sullie'ieiit 1 e) satisfy the* re‘quir(*me‘nt s eif 
dairy-eows or ;L.'rowing (‘attle, but iiiusi be* suiq.)leme*nt e*d by suitable 
additions. Tlu‘oi'etu*idly a unit eif hay is eepial to H.tH! ed‘ this n‘Sielue*. 

A(’(’OiVi \zz() advise*s 100 parts eif hay Ixaii^' mixe*d with 81 ]iarts 
eif tomato ]e*sidue‘. A ('ow w(*i.ii'hm^‘ 1100 lbs. thal: sheiuld daily e-ousume* 
28 . f> lbs. of elry malle*j‘ may be* fe‘el d 2.2 Hi. ed this mixture. Fully 
i^reiAMi oxe'u w h(‘n md at work, and wei^hin^ IJOO lbs. ne‘e‘d 20.4 lbs. 
of dry niall(*r a <lay, this e‘au be supplied teithem in the* foiin of 22 111 . 
of a mixture of 100 jiarts straAV, anel 30 parts tomatei re*sidue* fleiui’. 

A vf)U\i)l(\v jvid (u)niuniiv(f htmafo rrsidurs ( 1 ). — This is pre*pare‘d 
by mixing in ceinstant proporliems : linse*ed (‘ake* me*al, molasses, to 
inato re‘sidues and intaed 4 ^ra|x*-se*e‘<ls. Tlu* feilleiwiii^ pcr(‘e*nta^e 
have be‘e*n eiblaineel by analyse*s : meiistaire* 9.5 — crude x)re)t,e*in 15 — 
<‘riule fat S .8 — fibre* 2 . 3.7 — ash 5.8 — X-fivc t*xtrac 4 s 37.2 — 
elifiestible ])rote*in 10 . 02 . 

Ex]ierinie*nts we*je* made* ein 19 ^J'eiwiim’ stee*rs eif the l^rowui 
/vlpine bn*e*d, this comph‘x fooel be*inij used to re*plae*e* ])art of (he hay 
anel oats rations. 


iinilual iiveragt* [)i ocliKstioii for thr pciioil 1909-11)03 has been optiniiiterJ »if- about aOO, 000 metric 
tuna In 1913, 46,700 tons of pre 3 ''rve<l tomatoes were exported from Italy , they were sent 
pnnoipnlly to England ; '“) The total number of tem? of tomatoes pulped m the United 
Slates in the largest factories between 1914 and 191H wore re.spectivcly ♦iH.e)97; 50,836 ; 
S7,439 , 102,047 and 140. 1S5. 

The atiiiLial quantity of seeds containing 10 % of moisture obtained from the large? fac- 
tories alone IS 1,026 tons ; this allow.s 0 5 to 1 kg. per 100 Ug of tomatoes In 1918, the out- 
put of seeds from all the faetorios was estimated at 2,003 tons (C'f Umtrd AStatcfi Dt'p, of Agr. 
Bull., No. 927, Washington,^ April 1921) 

(1) Dr D. BKfc:NTAN\, Alr.une osutriHizioni ftulV uno di un mangirm noncnitrato {Nutritwo 
Squa^fii) nfU'ahmnUazionf^ df.l hfniiann^ booino. Parina. tip, ParmeiiHO, 1921 
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As r(‘^HT<ls llie nutritive value ot the foods, 1.5 lbs. of this 
Nutritivo Hquassi is equivalent of 2 lbs. of hay, lyid 1 lb. to 0.7 lb. 
of oats. 

All the animals l)eeanie aeeustoined to this footl within the short 
space of one week. It was fiiven to the several lots daily for todays, 
at the rate ot 1.5 lbs. (0.75 k^.) to 3 lbs. (1.50 kf^.) per head, tofjetlier 
with the other above-mentioned substances. 

Nutritiro agreed w(‘ll with the animals on whieli it was tried, their 
increase in liveweij^ht bein^i' pvater than that of other cattle to whose 
rations it had not l)een added. 

7 \s rey;ards th(‘ economic results, Mr. Bkkjntana estimates the eost 
of the nutritixe unit as follows: liay 2 liras — oats 1.90 liras — 
Am tr ifira 1 . H 7 li ras . 

Th(‘ author is of ojanion that Nulrilirtf has undoubtedly a certain 
value as a stiick -iced, and mif»h1 b(*come of considerabh^ importance, 
as su])j)lyin^‘ a pi'olitable us(‘ for the residin‘s ol tlu^ tomato, a plant 
now ))(‘Comin»i wi(l(‘ly cult i vat ( m1. 


28. Residues of Citrus Fruits. 

When the jincc of lemons is enqiloxaMl in tin* manufaetiu'e of 
agro vollo^ or calcium citrate, or when it is m(*rt‘ly concent rattMl \ty the 
action of h(‘at or cold, tin* jud]) and skins remain, i)reviously sfamntr (1) 
to extract the essential oil. Similar residues are obtaiiUHl in the (‘ase 
of oranges, 

Accordinfi to Prof. (iAUKLLi (2), the tresli and the Jei‘ment<*d n*- 
sidu(‘S have respectively tlie following percentage composition : total 
nitrogen O.b-l.t — protcdn nitrogen 0. 1-0.8 — cnnh* fat 1-5.5 — 
N-free extracts 01.5-82.2 — crude libre 9.2-21.8 ash 4. 5-0. 5. 

The fcjiuented r(*sidues aie richer in nitrogen and more readily 
t^aien by live-stock than the fresh residues. 

They are usually given to cattle (5). 


29. Parings from Vegetable Ivory (4). 

These consist of the dust and shavings obtained -in working the 
seed albumen of dilTerent species of ))Iants used lor making buttons 
(corozo). The industry "has now' assumed considerable importance 

(1) “ Sfiimiiro ” i.s thr term applied iii Sicdy lo the extraction of the e.sMontial oil by 
pressinK thevskiiin ofeitniM friiits? 

(2) L(' ^tazioni Sprnmenfnh’ Agrurii Ifalmni, Moileria, 18U!* 

(3) Pott, E , oj). cit vol JJl. i> 4SJ 

(4) Cf, : 1) L'Unlia (ujricoln. Year LVI, No 2 Placentia. 1919 — 2) Formenti, 

dui nijnrnli Milan. 1915, Iloopli, p 361 — 3) Jourpnl of tht Society of Clv niical Industry, 
Vol. 37, No. 12 London, 19IS. — 4) Journal oi AyricuJlvml Rtscnrch, Vol. VII, No. 7 
Washington. 1916. — 5) Pott, op. eit,, Vol III, p 481. 
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and the residues, which 1‘onn a »^ood stnek-teed, amount in the year 
to several thousands^ of tons (1). 

Hyphfiene thdmUa (a native of Erithrea) sii])plies most of the 
seeds used for buttons in Europe, while in AnuTiea the seeds of 
rhytelephas mfurovarpa (fi'om rolumbia, t]euador and N. i\‘ru) 
and oi Ph. wicrorarpa an' ehic'lly employt'd for tlu‘ i)uri)ost‘. The 
seed albumen of 1 he la 1 1 ei‘ jilant is th(‘ harder. Huttons are alsi> maim- 
fa(dured from the seeds of Sayiis nmvrivatnini. 

During- the proe(‘ss an' obtaiiu'd : the .satr-dusf. tin* (‘(Uitic' of the 
broken seetl, the dust and tlu' luruiuy shari uijs. 

••riu'Sc' ar(' the residues us(*d as a stock )e<‘d. Tlu‘y main' up 
85 of tlu' woi’ked kernels, and form a wliit(‘, li^ht powdc'r list'd alstt 
as a substitute lor etdfee. 

'riie ('orozo td’ Erithrea (duiu) has Hit' following- pt'ret'nlatie eomjio- 
silion : moisturt' 1(1. .55 — eiudt' proti'in 1.70 — I'al 10 LM) — librt' 
It — jientosans 2.10 — N-lr<*<‘ extracts (without jx'ulosans) 50. (M i: 
NOZZl). 

(\ HivVLs and »l. H. Lindsi-.y obljiim'tl as tlu* averaut* of 0 samph's 
of AuH'iiean eontzo; wati'i' 11., ‘50 — ash I.OS — proU'in 1.05 — 
fat 0.02 — tibri' O.SO — N-frtx* <*\lraels 75.00. Tlu' lat I t'r ineliuh's 
02.5 nf lujinniiu (eomlensiition anhytlridi' ol mannost') and 2.5 V,, 
ol pt'ntosans. lji»nin, starch jind (b'xtrosi' art' alist'id. Its tnt'rjLiy 
valiit' IS 5785 eidtirit's e. u. lu'jirly tlu' sjimt' jis tlnit of maizt' Hour, 
suiiiir and starch. 

Tilt' ])t're('ntajit‘ eoellieit'iit s t)l this (*t)rozt> art* as Itilhiws; di'y 
mattei' SI — prtilt'in 5(i — fat 51 — lilut' 72 — N-Irt'c t'xtrat'ts 
02. Tt) tht'st' t'ot'llieit'ids etint'sptmtl tht' ftilltiwinj^ tjuanlitit's ol di 
.ii'cstible substances in 100 k_i>. : ju'tttt'in 1.80 — fat 0.50 — librt' 
4.51 — N-fi't't' I'xt lat't.s* 70.55 — ttdal 77.25. .Mai/.t' Ihmi' •iixes a 
ttOid t)f 70.57. 


■ I ) III J a J (). nljoiit toil" (»r UiO'.i* icsidiH's ut'it' iin|)(trtri*a l>\ llir, I ml oil Si.ih " nloiic 

IhiU dispi)" 0 '" iiiniiiallv' of hImiiiI UMMI tons I'lu* follo\\ in;.; d.ilii slinu tin* i riipm I .iiifr ol this 
iiuiu^lt v ; 

Voio/.o Imttoiis »no luadi' iii I tnl\ , t Ici nniii\ , liolioniui, tJrcal Uni am Jiiid t lie 

Wnit.ed Sl.ales Pie-vious to llif war, hal\ fiiriH'd out .■)(>. dtM* ^jrros^ of lailtons a da\, lait. at llio 
toimiimtioij o] liostililit's till" ])rodu<‘tMoi laid lalleii to .‘Ja.iriaMM) os" of w Jmh '..ona' w cro 
exported ( l.tMi-l tons in 0)1:1 and 2,240 Ions in Jl)2()j 

Jn IlhIv , the hi‘eds ol tJie <h<w palm (Iroin Enl hren ) an‘ idino>)l excl iisi vel> used lor hut- 
tori rnanufuetui e, lad in ot liei i ouul ru-s the /of/iff/of t 'olunilna (‘1 e are ernjilo;, ed loi (hepoifHi.si* 
2.ri:{4 111 . toii'J ol dmn seeds were imported in 11)14 and 2,t}l7 in Ions in ]1)2(* 

Bohemia, Eraiiee, (heat Britain, 1 lie Onited States (2 laelones) idthmiLJ:h jaodiaers of 
e,oio/.o hultoiiH also jTii])ort them. 

Jairge quantities are jirodneed in (htmiiuiy, a rival of llah in the hiittoii-t rade. 'Pliesi* 
two fountries liave at their disposal the largest amounts of eoro/^o residneh d(‘slmed tor htoek- 
feeding (Cf Mis, Tkh i/Ino. km in (-uMm) II ni^str. mnim r n# v.'ipuiUizv m ftrunn r dojm 
In qurrm Home, 1022, ji 124) 

Prof. I Baldiiati, who einplov-*' the sawulust oi Htfidununt thchinrn of the Cheren saw- 
riiills, along with br.in and eake tor dairy cattle, reports that this re",idne damped or shgtitly 
fermented acquires a sw’eot'sli tluvoui, liked liy stock, 'I'he lai.sks of the fruits me- goral fuel 
aral their ash is rieh in jxitash and pliospliorie arid. TJie ^aieoearp or t>ulp of the fiuit i?, nob 
ni Hiigar and an enquiry has been set on foot with a mow to ils use in the juaimfaetnre of 
alcohol (('f II ( 'oUivnt'irf , Xo 13 Casalinonferralo, l!)2.3). 
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Accordinj^ t(i tlio AT!i(*iicari inventor oi a patented process (Chap- 
man U. M. etc.) this residue is niade^ more di^estil)le by healing 
it to C in a bath conlainiin? 1 to 2*^^, oJ‘ siilpluirie acid, 

or a similar disintegrating tlnid, until it become triable and can be 
ground into fioui-. 

Vegetabb‘ ivory lioni- led to lU (*.a111e tor 21 <iays in epiantities 
gradually increased from 1 to G.5 lbs. a day imaeaseMl thc^ total live- 
weight. 27.75 lbs. as against 211.75 lbs. in tliiM^ase otllu* (‘onlrol groiip. 

Dairy cows will (‘at this Hour, provid(‘d it is mixed with other toods. 
(In f(MMling lbs. a day, the milk yidd increased 2 lbs. tor eveay 7 lbs. 
ot ivory flour, but foi- niilk prodiictioT) this r(‘sidue is not ^piite 
e((ual to maiz(‘ Hour. Sh(M‘p will t‘at it readily it it is mix(‘d with 
other toods, and sc(‘m abb* to assimilate all its (‘arbohydrates. 

According to C. JjUIDOI'X (1), corozo Hour is su]>(‘rior to groundnut 
husks, and rice husks, but interior to maiz(‘ Hour. Its crude starch 
\alu(‘ is said t(» b(‘ 7() % but the net value is ]U‘ol)ably only to, 
lh(‘ sam(‘ a.s that of bran. This Hour do(‘s ^^(‘ll tor mixing with otlua’ 
substances richer in nitrogimous substan(*s(‘. 


30. Sweepings and Household refuse. 

When dealing with lertiliscus, tin* various ways in whicli the 
above residues can b(‘ used for manuring th(‘ soil will b(‘ eiium- 
eratc'd (s(‘e ii. 303). Jl(‘i'(‘. will coniine ourselv(‘S to stating 

that an attempt was mad<‘ in the l]ni1(‘d Stat(‘s to employ house- 
hold refuse (alXc*!' tlu‘ tat has been (‘xtiaeted) as a stock iced under 
the nani(‘ of garbage, the lunivier substaiua‘s Ixaiig s(‘parjded by 
tli(* notation iu‘oe(‘ss. Tlu‘ nutritive value ol th(‘se r(‘sidu(‘S is natur- 
ally variable, but it must be remembered that the Amerieuns do not 
(‘lass uiid(‘r t li(‘ head ot garbage ” inert substaiu‘(^s sueb as horns, 
ash(‘s, pa])er, glass, tins and stipet-swt'epiiigs. 

Jl lias been found that, an average ot 50 lb. of garbag(‘ ar(‘ needed 
to obtain 1 lb. iner(‘ase of live“W(‘igli1. in a pig ; naturally, suppleimuitary 
toods wer(‘ also given. The nmat ot animals thus fed proved (‘xcadlent. 
Sw(‘(‘j)ings intended tor this purpose must be (‘nllectcd treqiiently 
and tr(‘ed trom all siieb extraneous snlistances. 

Tlics(‘ residues g(‘nerally suit pigs bett(‘r lav than cooked. They 
must b(‘ ted willi caution, as swine given garbage have been tound to 
l)(* more subject to dis(‘ases than tlioS(* that receive grain (lig. 55). 

F. (i. Asubrook and J. D. Bebout(I) have (Uuiionstratcd the 
use ot swec])ings as a swinc-iVed. These residues are thus much better 
turned tn account than by burning, or conviusion into tcrtilis(‘r, etc. 
In 1917, seven out ot 17 citms in the Unit(‘d States w(ne tound on 
enquiry to te(‘d their sAvt‘e[ungs to swine. 

(1) CJfr. Compti’ff rt' 7 iduff d( r Actidfmit -d'Aijriculturt. Vol IV, Pans, 191b 

(2) Disposal of City Garbago by Feeding to Hogs Circular No 50, United Statt/i Dep, 
of Agr.f Doc. 1917. Washington. 



FEED FOR LIVE STOCK IHIt 

Owing to ilie variable eoinposition of th(‘se residiieb, it is impos- 
sible to state the usual amount to be emi)l()ye(l. lii tlu* Vnited States, 
it is however reckoned that I tons of sAveepings aw re<|uired tor a pig 
weighing 200 lb., for a period ol 10-12 months. 

It is well to boil and sterilise the sv\(‘epiiigs Ixdore ieediiig I hem, 
as this trcatimmt allows of the separation ol th(‘ tat wiiicdi is rt'garded 
by some farmers as injurious to swine ■, fiirih(‘r, it renuives any danger 
of infection. The process is, however, 4‘X[)ensive ami l)(‘st roll(>\ved 
in winter when the amount of fat. present in tlK‘ garbage is higlu^r. 
Swine fed on raw^ garbage are rarely free fiom skin disease's and in- 
tc'Stirial worms, Avluaeas pigs which have' be'c'u give'ii boih'd garbage' 
e'seape these troubles. 



Fig. 55. — Platform for foodinj; houHelioUJ rofuae to pics. 
From f^. S. JJept. of Apr , I'armer^ hull Uail. W^‘lsJlinctoll, 1920 


31. — Wood Ashes and Charcoal. 

Wood Ashes. — It is well-kiiovvu that eommoii sail has a stimul- 
ating action and improve'S the digestion of live'-stock, ami on all 
w(.*ll-managed farms, blocks anel sac*ks of salt are' xml within reach 
ef the animals, especially of the cattle and sheei). Animals, iiow^e'A er, 
also require a small amount e)f potash, and as Ihis is raredy pre'se'iit 
in their food, it is aelvisable to suiqdy it by the aelditiein to the' ration 
of a small exuantity e)f ve'ry fine, clean wood ashes : 4 to 10 grn. i>er 
100 kg. of live-Aveight, pe*r day aecording to the* age of the stoek. 

Altliough many easels have be^en known e)f animals e'-onsuming 
without any injury large amounts of jadiissie* salts, it must Tiot be 
forgotten that too large doses of potash may x)i‘<>duee dige'stive, mus- 
cular, nervous anel cardiac troubles. 

Young animals and poultry, which iieeel eonsiderabh* (xuantities 
of i)hosi)lioric acid i>n(l lime, are given bone-dust. This may be re- 
placed by wood-ashes which are alvs^ays easily obtained They are 
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Hifted very line and then washed to extract the potash. It is imne- 
e.essary to free the ashes troiii the small fragments of charcoal tliat 
are always ])res«‘nt. 

The average amounts of ashes to be given daily per head and per 
day are : 15-25 gin. for young cattle — 10-15 gm. adult cattle — 
10-15 gm. calves from 2 weeks to 5 months — 5-10 gin. horses — 3-4 gm. 
swine — 10-15 gm. slieei) — 4-6 gm. fowls — 1-2 gm. rabbits. 

IVlien possible, it is [ireferable to administcT the ashes in milk. 

]Vo(t(i (Uiarcoal. — This is a good intestinal antiseptic ; it can 
be fed, not only mixed with asln^s, but also alone with the forage, 
as is freipiently done in England in the* ease of sluM‘p. Wood eluHCoal 
is good for all liv(‘-stock including poultry from the v(u*y lirsT stage*, 
and up to any age*. 


32. — Wood Shavings, Sawdust and Bark. 

TIk* great d(*arth of 8t.o<dv-le(‘ds during the War led some pcasons 
t.o ex})erinu‘nt otua* again (1) with more* or less linily giound wood 
subjt*eti*d to a s])e(‘Jal trc*atm(*nt, for the purpose* e)f re*iM!ci'ing a vari- 
able portion of the* libre* se^luble* and dige‘stil)le. 

In the* j)ate‘nted proea*ss invente*d by H. Muhlenbein oi Ce>the*n 
(derma ny), the* woexl is hiiely ground eiuring its passage* through 
Sf)ee*ial iipj)aratus, and is then ae*l.e*d upein in digesters by alkalis anel 
eexidising snbstane*e‘s sue‘h as ehlemne* ; snb.seepu*nt]y afteu* be*iiig se*par- 
ated freim the* liepiid ami washed, the wood is mixe*d with other leiexls 
and drie‘d with them. 

Ex[)e*riments were* also maele with wood-shavings eiuring the 
war ; (he*Y must be* re'du(*eel te» ])e>wele*r before* be*ing fed, othe*rwise 
the* stoe'k will ne)t teinedi the*m. 

L IliLiarnau of Palerme) (2) has rece‘n11y useel wooel-shavings 
inste‘ael of straw. The*y we*re‘ euclose*el in a 7wipie*nt, snbjt‘c4e*.el to 
an (‘arly stage ot' the e*arbonisation jiren'ess, anel then the mass, by 
this time veuy brittle, was gronnel. 

During the war the*refore, wejeul-sawelusi was aedually used as a 
steeck-leeel, aJtliemgh previously it liael been tried and louud unsatis- 
fae'tory. 

New expe*riments w(*iv carrieel e)ut eiuring the war in Germany, 
anel at the ce)ne*lusie)n of hostilities in the Tuited states at the Wis- 
e*e)nsin AgiieuiH ural College. In every case, the sawelnst must be chem- 
ically tn*atcd in oreler to convert the libre into sugar ; this is eliected 
by the action of dibit t* aciels, the sawdust being boiled for 
in elilule sulphuric, or hyelrochloric aciel, and under pressure (fig. 56). 
By this me*ans, 20 % of the sawdusts is transformed into sugar, 
while the rest is made more digestible. The sugar is extracted with 


(1 ) The use of wood was tried many years ago by Stockhardt and other antliors. Cf. 
Pott, E , op cit , V^ol ITT, p, 486 and also Kling, Dr. Max, ojfi cit., p. 61. 

(2) 1 Rilt.ittkri, Altmeniaziont^ grataita etc., p 66 Palermo,' 1921. 
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hot water iu which th(* excess acid is n(‘utrali.s(‘d, and afterwards tlie 
liquid is evaporated till i1 rea(*hes the consisteiu‘y of a syrup. This 
latter is mixed with the residue that has not l)(‘(ui converted inl(» siii^ar 
and a stock-feed very poor in nitrogenous sul>stan('^^s is thus obtained. 
In the experiments made at Wisconsin, each pound of barley meal 
in the ration was repla,ce<l by 2 pounds of ])repai‘(‘d sawdust, the latter 
forminji: 20 % of the weight of the ration. 

Very satisfactory rcssults were obtained with dairy-(‘ow's. 

Froju White Pine sawdust 11-18 jmrts of su^ar were obtained 
from every 100 ])arts of djy wooil. 



Fro. nfi. — Takinc: out flawdiiat after J>y<lroliHation in an autuelnve. 


From U. S. Dept, of Aqr. Vearbeok 1920. 

The following is a good ration for dairy-c.ows : liydroliscMl sawdust 
25 parts, oats 20 parts, wlieai bran 20 parts, semolina flour 15 
paHs(l). 

It should be observed that this proC(‘Ss recjuires a particular ap- 
paratus, special facilities ami some knowledge^ of industrial chemistry, 
it is thus not suited to any and every farm. 

In (‘onclusion, it is in eveu-y case described a (piestion of wood 
viz., of a sul)stane.(* wiiicdi, even if treated so as to convert all its tibre 
into sugar, does not merit the nann* of a food properly so-called. In 
time of extreme necicssity, it can b(‘ use<l to dilute coneentratc^d feeds 
for ruminants only and is never anything more than a make weight. 

(1)Dana,S T Put tint; \^oo(I waste to ork, from the Yiarhonk of th* E.S fhpt.nf 
Afft., 1920, No. 856 
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Tlio bf^sl sawdust (or iV(Mlinfr pin]>ost‘s ((uiies troni the beech 
and from deciduous trees in j^eneral (Pott), i^s their wood contains 
f,mmmy substances (11). 7 to 23.8 %) vvliich ur(‘ soluble in water, and 
yield xylose on treatm(‘nt with dilute acids. 

Oak sawdust is not however »ood on acM’Ount of its tannin, while 
])ine sawdust, may be* injurious as it is rich in resin. 

The* following table* ^dve*s some analyses : 



l*iij<- Wood 
Hour ju*! orduii' 
to SV. 

MLLKMUI RGKU 

and !’ Vmatiu 

Itirrli Mood 
htrjiw .irrordiii^ 
to /rsT/ 
and VON juju 
T lKiut, 

According to 

J'Mour of wood 
ot denduou'' 
trci*^ 

Ki.tnu 

Vouiij: 

lurcti-wood 

Water ... 

7 4 


H s 


Oruflc protein . ... 

1 u 

U 7 

u T) 

1 S 'V,, 

Crude fat 

0 •{ 

0 1 

u s 

0 >.l 

N-froe ext! act .... 

L’U L' 

(il 1 

;!7 :{ 

1 2 

Crude (ibri* . 

7 

{2.0 

40 !) 

4 2.7 

Alirvonil Hiibataiiuos , . . 

U ( 

tl o 

1 : 

0 4 


The tollowlng analyses mad(* 
only oec'urs in negligible (iuaiiliti(‘; 
sui)posed Ixdore the war, tluit sap 
starch 1o ] (‘pay making it into a mca 

b> Pl'XKMANN show tJuit Still'Ch 
s, ami that it is not true, as w'as 
-wood (‘(mlains sulfieient digestible 
il Tor mixing Avith bread. 

\V\iofl Ciudi" pro! rill 

I‘'at Starch 

AbIl 

Maple Id", 

Birch II 

Aider ... ... 1 ii 

Elm 2 u 

U o 2d ", 

1 ;{ u h 

d r. 1 r, 

U -t T) 1) 

o> 

d 7 

d 7 

0 !• 

According to Kkbljnjok only 14 % of th(‘ organic matt(‘r and hardly 
any of the nitrogenous substamu^s in wootl an^ digesl(*d. 

Honcamp oldaiiieil even lower values. WAenttg found that in 
boiled pine shavings given to horses 7.5 % of th(‘ dry matter and 10.3 % 


of the cnide fibre was digestible, the nitrogen balance being negative. 

The best results w(*re obtained, as we have said, from disinte- 
grated sawdust treated with sulphuric, acid ; from which was obtained 
a fooel that accoi-ding to Honcamp and his collaborators contained 
in its dry matter: crude inotein 0.7 % — enub^ fat 1 % — IN -free 
extracts 40.3 — crude fibre 57.3 % — ash 0.7 %. In the case of 
lambs, the following w ere the digestilulity coeflicients : organic matter 
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20.1 — cradt' proti^iii 0 — crude ial 73.1 — N-iree extract 03 

crude libre 0. ^ 

Thus, disintt*f^ralion increased the di^a‘stibility, bnt i\'n\ not londer 
it equal to that of the straw ol spring cereals. 

IHsintegralvd ivood flovr (‘’ lIoIzziickcM’ful I(M‘ ”) is pr(‘parod by 
lK)iling the wood in acids and under ])ressurc. Tin* (ollowini: are 
2 analyses inach* by Eluknui.kg and : 


'M ' N (I 

ON 17 

0 7 J I 

■j:. I. L"| 7 

oj r. -{7 I 

JO 1 

The digestibility of this vvond-tlonr is ver\ low. 

A tbod lor cattle, swine and poultry nia(l(‘ by (he tijin ol Ulan- 
KKTsiUTUG under tin* nanu* of '' Krie^‘svi(‘hiu1 ter '' Avas said tn la* com- 
posed of. ground wood ami sifted sa-wdusl subjected to s(mn* kind 
ol' chemical luoc^ess, but SoiiMbtJKH and Kniiso ass(Tt 1 hat it ci)nsis1(‘il 
simply of the unalt(U(‘(l sawdust of deciduous tn*es moisteiuMl with 
a solution of sodium cbloride. Fts percentage composition is as fol- 
lows: water ;Ui.O — crude protein O.J — (*rud(* fat (1.2 — N-lr(‘c 
(extracts 22.7 — (*m<h‘ libre 38.7 — ash 2.2. 

‘\h.in<l(*rm(‘hl ” was a flour ol dri(‘d bark from wlniii the tilue 
had been sejtarated by a siM*cial milling. It was suj)i)oseb to In* li<*c 
of tannin, but in reality contained a lar^e amount of that substarne. 

The followiiifi: tal)le drives its jiercentajiii^ cornpositioTi : 


Water . . 
Crude prottiin 
Crude fat . 
N-freo extracts 
Crude fibre 
A^h 


Water 

... . . 10 

0 

\t " 

Crude protein 

4 !» 

f 

2 

Crude fat 

17 


h 

N-freo extracts . . .... 

;{ s N 

.u 

2 

Crude fibre 

:n f 

4r< 

r 

Ash 

12 7 

0 

4 


Experimeiitis conducted by Eic:iiaki) 8E]S' havc^ shown that this 
flour can be fed to dairy cows. 
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Tlu* r(*si(liu‘s of the bark (of and other trees) that haA^e been 
used for the extraetion of tannin and are neaijy tannin-free may be 
nR«*d as roii^rhaj^e, bnt are jjreferably mixed witJi molasses (1). 


33. — Residues from Cardboard and Cellulose Factories (2). 

In I hr j)ror(‘ss pati^nted by C. U. Vourr, Ihe residue's of tlKMlifjest- 
<*rs are neniralised by STd[)hurie. aeiel, in onh'r to remove the* alkaline 
substane-e's witli vvhiedi the raw materials we're treated. Tly this means 
is obtaineel a tine pre'cij^itate (u)nsistin^» for tlie most i)art of e/lj^aiiie*, 
malte'r. Afte'i- it. has bee'ii ise)lated by t.Ju' filter-pre'ss, heateel, well 
waslie*el anel a^iain presse'd, it I'enins a e'ake vvhiedj is drieel and fed to 
Ktoe'k. It a^re*(‘S well with horse's, e'.aifle and slu'.ep. 

Pott js doubtful of this ne*w lee'el, as detaileel inlormalion is met 
fort he‘omin#i. 

A. Kuaink pi()pe)se‘s usin^i the' wate'i rre)in the' e‘.e‘llule)S(‘ fa(*le)rie\s 
afte'i* it has bed'll ftea'd rre)m aleiehyeles, ea'tone's, ami sulphites, anel 
e'xaporatrel on absorbe'ut substanees like' husks, straw, bee't reeot [mlj) 
<‘te. This waler e'outains lai’ji^e quantities e)f ('.arbe>li ^ drates ami of 
mine'ral substaneu's (potash, pheispheuie* aeJel et(‘.) 

Afte'r it was purilieel, made' inte) syru]> ami sle'au) elrie'ei, Frank 
obtained fremi this residue' lb tee % e)f su^ar, bill aee'.eireliiiii tei Pott 
the' e*ost of these o]a*ralions far e'\e'e‘e‘<ls the value eif (he leeexl. It is 
be'ttei* e'mpleiye'd on the' s])ot to imusten bulky loddeTs. 

Sul])hite e'.e'llulose' is ])re)due',eel in the* ea'llnlose* fae'teuies by pro- 
lem^e'el beiilin*^ umler pressure at lid-14(F with (adeiiim suljihite lye, 
ehirinti wliieli about bO % e)f Iheelry matte'r is lost. This substanee 
forms a meiist ])aste, and had the fedle)win» pe're*,en1age e'.omposition 


after beinu' air dried ami j^rouml. 




ELLI'INBEKOEH 

SOllMOUEK’S 


.iJUl Wakntio 

analysis 


ana lysis 

(Dry matter) 

Water . . . 

,s !l 


Clrvide jiroloin 


0 0 

Crude fat 

0 4 

0 !) 

N-free extracts . ... 

17 0 

17 2 

Crndo fibre . . 

' 72 4 

7tl 7 

Aisli ... 

1 :l 

i.:i 

- 


- 


(1) Othor Ufjes to which wood riawdust is jml are as follows : “ apolvero ’’for ovens, the 
pvirifiralion of oils, smokiup dried moats, packing -material, strewing on floors of 
gymniirsiLimH, ndinp-hchools etc., removing fat from hides, etc , drying gilded metal etc , 
purifying giis, the manufacture of cement, ijreparation of the inalncea in metal monlds, 
heating special ovens, poor-gas engines, the manufacture of conglomerates, etc, 

(2) ('fr. 1 ) Pott, op. cit., Vol III, p 4S.A — 2) Dr Max Kltno, op. cit., p. 66 et sqq. 
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Soda cellulose (“ Natronzellulose was also iiiadi* by treating' tlio 
saw-dust of conifer wpod with soda lye containinfr diherent sulphiu' 
compounds. Its porcenta^re composition is given below. 


Water . . . . 
Crude })roteni 
Crude fftt . . 
N-freo extracts. 
Crude fibre 
Asli 


Ifl' VM)l)d 

Pine >vn 

0 It ' , 

r» s 

0 

0 rt 

0 2 

0 2 

m 2 

714 

14 0 

1 

2 2 


Its digestibilitj'^ <*o(‘flicicnls in experitnents with horses were found 
to be : jspriiee cellulose 87. 9 % — pine cellulose^ 88.9 % e. g. iiiglier 
than that of sulphite cellulose. 

l^rofessors F. Sc’cuti and V. Vi:zzani (1) using maize raeliitles and 
wheat straw' pulverised and 1reat(‘d in an autoclave with min(‘ral acids 
prepared a cellulose ])aste which suf)j)leineiited by molass(‘s gave good 
results wit h cat Me, swiu(‘, rabbits and poultry. 

34. Coffee Grounds and Chicory Dust (-5). 

1). Buentana has tried giving colbn* grountls to oxen and dairy 
COW'S in Italy; for this luirpose, he uscmI thi^ grouiuls ol the lirsl in- 
fusion after grinding tlieni. all the animals would (‘at th(‘Se re- 

sidues ; cow^s aec(‘pt<Hl them after a certain amount of repugnanca*, 
and consunu^d 700 gm. per head ])er day without any ill cdTeet^. In 
the ease of work -oxen, it was found possible to retdae(‘ half the bran 
ration by cohee grounds without, causing digestive trouble*. 

In many j)arts of (lermany, during tin* War, cotTee grouiuis 
were collected and fed to live-stock. According to C. Bkyer, the di- 
gestibility of their crude jmdein is very low' : 11 to 20 %. 

As regards eoinj)osition, eoJIee grounds are e()m])arabh* to (*oarse 
wheat bran and to rice bran. The percentage eonij)Osition ol 2 sam- 
ples of the second infusion was as follows ; wat(*r 9.15 and 11.42 — 
fat 11.64 and 12.45 — nitrogenous matter 11.68 and 11.50 — starch 
17.0 and 22.47 — N-free extracts, second sampU* 11.81 — fibr(‘, 
second sainx)le 25.30 — ash 1.71 and 2.03. 

These residues must ho kept very dry ainl powdery. One (*ow 
can eat 2.2 lbs. (1 kg.) a day ; an ox 3. 3-4. 4 lbs. (1.5-2 kg.) on an 

(1) -Inn. R. Stnz. Vhi^n. Aqr., Turin J920 Vul VI 11. 

(2) Cf : 1) Brentana, D., La Riformn ngraria, year 1, Xn 7, Parma, 1920, — 
2 )Ab.uch, F, in L'lt Agrir\, year LV\ No 10 Pmroiiza, 191S — 11) Kmno, oji 

p. 74. 
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and ;i horse 0.8 kjr. (1.75 lb.), but not more than O.4 kg. 
(0.9 lbs.) should be l‘e<l. ColTee grounds improve tJie eomi>oBition and 
quality ol' cows’ milk ; pigs digest the fat they contain exceedingly well. 

Th(‘ chicory residues, except those found mixed with the coffee 
grounds, aje the dust lhal falls in th(‘ places w'here chicory is roasted 
and ])ae,ked. Th(‘ir ])erc(*ntage compctsititm is as follows : crude pro- 
t(‘in 4.2 — cni(l(‘ fat 1.1 — (carbohydrates 55.6 — inulin about 
XiO — sand, soil, (‘tc. 10.3 The }ir(*s(mce of the latter sii))stance prevents 
the eJii(a)rv reKidin*s being used as a stoekdeed. Tlu^y liavfc. how’cver, 
employed in (b‘rmany in Ihe adul1(‘ra1ion of rye bran. 


35. — Tin-Works Bran refuse (1). 

0 

In tiu-ra('1ori(‘s, wheal ))ran mixed with ])alMi-oil is sometimes 
used Ibr jadisliing tin' sh(‘(‘ts of melal. 

In the Tnib'd S1att‘s during ihe war, tliis bran was put on the 
market und(‘r the naim* ol Balmomidds ”. It Avas scqjarati^Ml from 
all particles of metal by an (‘leeiro-magnet. 

Although this rc'sidne has bc‘c*n Joniid to be a good food, it is not 
likely t(» bec'ome of mueh import anee ()\Ning to th(‘ limited amount 
available*. .Further, it r(‘mains to be schui wh(*ther during the polishing 
proec^ss it do(‘s not aecjuirc* a sin(*ll r(*ml(‘ring it nu))l(‘asan1 to animals. 


36. — Slaughter-house Offals and Carcases (2). 

Slaught(*r-house otfals are generally uscmI for manure, as we ha\c 
said i‘lsc*when' (sc‘e p. 246), but if properly iirepared, 1h(‘y e-aii also 
bi‘ (*m[>loy("-d for ieeding live-stock. Thcdr use for this puiqiose Avas 
greatly iutii*usilic*d during the* war and it is this use* in the dilfereiit 
eoiintries that calls feu' attention. 

Blood. — This may be regarded as the chief residue and the one, 
that can be used for most ])urpos(‘S. It is usually given dried to live- 
stock. 

At the Purdue University (United Slaters), a lot of calves w^cre 
f(*d the following mixture : maize* Hour 8 parts, linseed meal 1 part, 
liquid blood 12 parts and 1 part stemmed ground boiu*s. The mixture 
was dTic*d at 60® U for 4 to 6 hours, and tbc*n ground. Before feeding, 
it Ava,s moistened wilh a lit tle water and then diluted with tepid water. 

The ealves given this mixture increased about 1/2 kg. daily ])er head. 

(1) Cf. Thr Board of .Agricnlturc of Ohio, Vol VII, No. 4. Colutnb\i8, Ohio, 1917. 

(2) Cf : 1) Purdue Univ Agr Exp NC, Bull. 246. Lafayette, Incl , 1920. — 2)TheJourn. 
of the Ministry of Agr , London, 1920, — 3) Deutsche Landw. Pr., year XXXII, No. 12. 
Berlin, 1915. — 4).4rm de Chim anal, et de Chini. appi , 2<i 8.,t. l,No.2. Paris, 1919. — 
5) PoHER, E ofc Razous, P, Les DichHs et Soua-Produils d^Abaltoirs, dc Boueherie et de 
Fahriques dea Conserves de Viande, Pans, Dunod et Pinat, 1008, — 6) Pott, E , op. cit., 
Vol. 111. — 7) KLiTeo, Dr. Max, op, cit 8) — Aebbbob, Dr. Fk. Dio Umgeetaltung der 
Deutsrhon Vieliznclit nach dem Kriego. Berlin, P. Parey, 1918, p. 7. 
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During the Avar, many firms sold dried blood for ii stock- feed. 
When well prepared, it is a poAvder with a slight smell and has tlie 
pleasant taste of salted meat. 

Exp(?rim(‘nts Aveie made ANith it in h^ngland by L. Neayma^nn, 
AAdio fed dried blood, in addition to a basal ration of maize Hour and 
AAheat offal, to 28 pigs. The pigs were divided into 2 equal lots, 
one control lot and another that consumed .NO lbs. of dried blood in 
11 AAu^eks. At first, the pigs did not lolei atc* I heir jiew feed Avell, 
but tJiey soon grew accustomed to it. 

It is advisable to add about. 10 % of phosjdiatc' (d‘ lime to drhal 
blooiUpowder. !N^ot only cattle, but also fowls, ]>heasan1.s ami turkeys 
etc. v\ill eat it wlien mixed into a pas1(‘. 

If mixed witli jnolasses ajid absorbent substances like bran, and 
siibseqmmtly dried, blood jnal<t‘s an excellent sloek-fetMl (it is givmi 
at 1h(‘ rat(‘ (d‘ 1 lb. jier .^>00 lbs. of live-weight ). 

11s pcucenlage (duuniinil c-omjiosition, ac.cnrding to l)lUU)A^s is; 
AAat(*r 7.33 — amides 3.32 — albuminoids 24.02 — fat 1.01 — 
sugar 7.50 — N-lrei* (^xlraids 12.20 — him* 7.02 — mijieral sub- 
stances 0.07. 

By im*ans o) a j)roc(‘ss ])a1.ent(‘d by h\ SuALiTZEU of Munich, an 
excellent aJid dig(‘stible food for animals can b(‘ made* from defibrined 
blood from Ihi* abattoirs by converting it into a eongeahal mass that 
is easily’ solubli‘ in water and them licpiidifying and (‘va])oratirig it at 
about 30« V undci- reduced prcssun‘. Tlu‘ driiMl matmial inusti not 
be beatiMl to abova* KK’ V. 

A household method of jireiiaration is to heat th(‘ lilood to 100*^ V 
during th(‘ successive separation of tlu‘ serum and the drying of the 
coagulum. '.riie c.oagulum is then ground to an odourless ])owder wliich 
keeps AV(‘ll and can lx* jirotilably fed to stock, es})ecially to c-aJves 
and sh(‘ej). VAdieii givim to young animals, it must- be mix(‘d Avith 
milk. 

Of importance also are the experiments of (iAimrciiEATT (1) who 
during the war studied the* utilisation of blood from the abat toils eitlnu' 
alone, or mixed Avith various other animals, or jilant, r(\sidues. The 
chief primujile of his method consists in subprting these substances to 
the action of alcohol yeast . In the case of the blood, 3% sea -salt aaid 
15% of “ hydrochloric hydrolysat (d’ starch ” ar(‘ added. The latter 
is obtained by healing at 12(1^’ C for two hours an aqueous solution 
of 4 % commercial hydrochloric aci<l containing 15 % of manioc*. 
Hour, or some other equivalent starchy siilistance. Then, a pure 
(‘.ulture (d‘ alcohol yeast is introduced, and as soon as fermentation has 
set ill, a layer of oil is addend to xu'oduce anaerobic conditions. 

This ferment(‘<l blood, when given in a small ejiiaritity to young 
rats, greatly increased tlieir groAvIli. 


(1) A. GAt;DTTCHEAU : ii) C. if. Ar d( s Sr , t CLXVI, 1018, p. lOGS, — h) C R da la 
Soc. de Bifdofjir, t. LXXXIIl, No 1920, p 1341. — c) Sur quelqiiea alirnonts ferment^e 
ulilisables par raviculture ‘Tnivaux du Premier Conyrei^ Mondial d'Avirulfure at the 
Hagire-Scheiveniniren, .t- 9 Sept 1921. A^ol. I, p 118. 



192 


PART II, 


Gauducheat; suggested at the Worhrs Poultry Congress held at 
the Hague-Schevenigen in 1921, that experiipents slioiild be made 
to ascertain wheUier blood would have the same elTeet on poultry. 
For the latter, it would luobably suihee to add a little fresh blood to 
their rations. 

Ten grammes of dried blood miglit be given to poultry per head 
and j)er day. 

Cakes made of Idood and bran with pure yeast w'(‘ie fed to ducks 
by llEMPTJ'Ui, a breezier in Eure-et-Jjoir. and very savoury meat thus 
oljtained. 

When s]K*eial products are md available* G vunrmiEAU say'.^ that 
home-maele bran or manioc eake would answer llu* ]niri»os(* with a 
little blood aeldeel to make it more lasty. This would be* a good 
method of eibtaining meal e)f sujMuieu- epiality, fe)]‘ the* flesh of animals 
feel on the*.se ea.k(*s is said tie» have a spe‘eial flavour. 

Paunch and rurtwn. — During the war, the Ge*i‘man Minister e)f 
Agriculture* orelereel that the manage*rs of j)ublie abattoirs were* to de- 
liver to ])ig-bree*ele*rs the emitents e)f the paunch of cattle, anel the blood 
icsieiucs, as seam as the animals vve*re slaughtereel. Te) IflO kg. of this 
e*.emtent were* aelele*el 2(1 litres ejf ble)e)el, 20 kg. eef j)e*at i lixeel with mol- 
asses, l.T) kg. of salt anel a little lijue. The fe^eal value of 1(K) kg. of 
this mixture was eejuival(*nt te) that eef 400 kg. e)f ]»e)tat()e‘s. 

llEOKSTROEM ol lh*rlin has pate‘nteel a i)re)eess in wliieh the 
contents e)f the j>aun(di are niixeel with ehoppeel hay anel peat which 
absenl) all the* tluiel, anel then alle)W’(*el te) iVrment at 40’ C. until the 
strong libe‘ration ol gas has eeaseel, afte*r wdiiedi the mixture is elrieel. 
If the* ee)n(e‘uts e)f the paunch are* j)laeeel in r(*e(*ptaele‘s having the inner 
surfae*.e* e)f their walls e-ove*reel with peat, the latter acts as an ise)lating 
anel al)se)rbent. mat(*rial which retains the peat anel take‘s up the liquid. 
During fermentation, the* libre* is eU‘ce)mi)()se*el, anel tlie mixture has a 
slightly aciel ie*actie)n, but as soon as libe*ratie)n of gas eease*s, it b(*eomeK 
almost ne*ut ral. The* uiqdeasant oelour at lirst noticeable soon passes olT. 

In orele*r to elrain away the* liepiiel, the contents of the stomach 
may be extenelcel on an inclineel plane anel elrieel in the* sun, or by some 
e)tbei‘ suitable means. 

This foe)el is especially likeel by eiraught -horses and swine. Ac- 
e*nrding tn Gouin, it has the following percentage coitii)Osition ; ni* 
troge*ne)Us substances 10.30 — fat 1.70 — earbe)hyelrate^s 47 — 
fibre 31.90 — mineral subst ances 9.10. 

The im^at useel to make soups and extract of meat anel afterwarels 
dried anel reduceel to powder ha el alreaely been employed as a stock- 
feeel or fertiliser many years before the war. During the war, howe^.ver, 
the proeluction of this meal must have been very limited since meat 
that had been used for making concentrateei extracts was instead 
put into tins and solel for human consumption. 

Meat meal is rich in highly eligestible albuminoids and its low 
content of mineral salts is compensated for by other foods. Its average 
percentage composition is : <lry matter 89 albuminoids 72 — 
fat 13 — ^-free extract 0.3 — ash 3.7. 
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To pigs it is fed mixed vnih the flour of grains rich in phosphate 
at the rate of 50-300 gjn. per day. A little salt is added. 

From bones, alimentary meals are maile for cattle and ])oultry, 
they are sold under various names, such as ])ig meal and ])ig (‘om}>o ”, 
products manufaclured in Australia. 

The scrapings of hides destined lor the tanneries have always been 
used for glue and fertilisers, but- during the war they were also us(m1 
as fertilisers after they had been dried and ground. Their percentage 
is very variable: water 7.1-14.9 — nitrogenous subs1an(*es 55.8-813 — 
fat 3.3-14.7 — ash 13.2-25.1 (Kltng). TJiese residues form a 
diges^ble food that can b(‘ given to all animals in place of j)rotein 
feeds. 

Tn (lermany bone-glne dried and coarsely ground has als(» been 
msed mixed with disintegrated horn scrapings (see p. 197). 

AVhen speaking of animal residues use‘d as lertiliseTS, we shall 
treat, of the manner in which carcases (see ]>. 240) are (‘m]doy(‘(l lor 
this ])ur])ose. Here it may be inentione<l that amongst, tin* otlu^r 
methods a(lo])te(l there* is that of steaming under juessuie* whicdi 
allows (d‘ the fat being S(*])arat(‘d and produces an (*xc(*ll(*nt- nntiitions 
meal of about 18 % of tin* wc‘ight of the carcases treated. This is 
used like the bone-in<*al mentioned above. 


37. - Fish Offals (1). 

A tish-meal forming a stock-f(*ed with a high albuininoiel and phos- 

1) ]iate content, but relatively [)oor in fat, is ma-ele from tish that are 
not used for human food and with t.he residu(*s from tinning ami salting 
factories viz. the heads, fins, tails, liver, intestines, ele-. Of the albu- 
minoids present fibrin is the chief, then albumin ami collagene. 
The fat consists almost exclusively of stearine. 

These substances are boiled to extract the oil and then dri(*.d and 
ground to jiowder. 

Fish offals havi* long been used on a large scale in (j(*rmany. 
P, Lahiciik says, “ (xiTinany has shown us that the futuri^, of the 

(1) Cf. : 1) P. Razous, Lra t'i sous-prodaitfi nidutttrulit. Pann, T)uno(i, 1!)21 — 

2) P Labithk, Conirtbutioii ti report ^ronornique dt VajiifH-querre.. L Utih^ation das r^sidus 
de I'lndustTic dc la pevhv mariUrac et de la jahricat%on dva contserviH de poimionti PariH, Du- 
nod ot Piiiat, 1917. — .1) Martinoli Dr C. El valor dc las harinan dc pescadit y de carne cn 
el enyordc de cerdos IRicmos AircR, 1914 ■ — 4) Annales dc la Soc dcs Sciences Nat. de la 
Charente Jnf Nov . 1920 — b) The Journal of the Board of Agr ^ Vol XXl, No. 7 and 8, 
Vol XXIII No. 1 London, 1914-1919, — 6) La Vie agricole et ruralr. Year X, Vol. XVlll, 
No. 10. Paris, 1921 — 7) Agr, Journ. of India, Vol 1, p. 4. Calcutta, 1914. — 8) United 
States Dep, of Agr., Bull. No. 610. Wasliington 1917. — 9) J. M. llAiiTj.ErT. Fiah wastes 
for feeding animals. ThirtyAhtrd ann, Jicp of the Maine Agr Exp. Slat Orono, 1917, 
p. 291. — 10) Deutsche Landw. Pr., Year 48, Nos. 29 and 36. B. rljn, 1921 — 11) Pott, E , 
op cit , Vol. IIT, p 072. — 12) Ki.iNO. Dr, Max, op. cit , p. 172 — i:i) Gko, Martin, 
Animal and Vegetable Oils, Fats and W’^axes. London, 1920. — 14) Growtiijcr, Fish Meals 
as a Food for Live Stock. Ir. Board of Agr., XXVT, 1919, — 16) The Farmer and Stock- 
breeder, 18th Aug, 1910. 
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fishing industry lies in the utilisation of its Ijy-products and 
rcssidues ^ 

Fish meal ('‘fish guano*') contains on an average: 53 % protein 
— 0 % fat, — G % organic matters — 8 % water — ^7 % ash 
(lime, phosphoric acid and a little potash). 

Over 90 % of the albuminoids are digestible. E. Dahl found 
the percent age of a Frenc.li lish meal to be as follows : ])rotein 00.02 — 
fat 9.05 — mineral substances 18.90 — water 14-iO. Its digest- 
ibility was 90 7oi nutritive value 72.9 %. 

The chief countri(‘S producing these residues are !Norlh America, 
{Sweden, Norway, (Jermany, England, France and Fortngal. ' 

In the la.rg(‘ factory of Altona (Oermuny) the fisli ottal is sorted 
and then dried by hot air in a (‘yliinlrical dessi(‘ator lhat revolves 
horizontally. Tln^ dry residue contains 15-30 % of oil useful in various 
indnstTies ; it is extracted ])y means of ])eirol in huge closed exlractors. 
The oil-free residue^ is mad(‘ into ing-meal. 

In France, af, Aytre in^ar Ifoclndlc*, lish otfal and rejected fish are 
dried in an autoclave witliont Jirst extracting the oil. The i)ro- 
dnet obtained is a line powder of amber colour, with a strong smell 
of lish. It e-ontains 55 to 00 % crude ])rotein and 10 lO 15 % (‘-alcic 
phosphate. It is led to swine and poultry, but shouhl not be given 
for one month before the animals are kilh‘d, as otluu'wise their meat 
has a slight fishy taste. 

The fish not used tor meal is made at the same factory into a pow- 
dered fertiliser containing: 3 to 4 % nitrogenous matter — 7-9 % 
])h()S|)horic acid — and 2-3 % potash. 

Jiarg(‘ (]uantitfes of fish oJTal come from the fishing villages of 
Scotland and tin* East .coast, of Kngland ; thes(‘ are used in the 
inanufacd-ure of: fish guano — lish meal for cattle — and 
fish oil. 

The composition of fish meal is very variable, as is seen from the 
following ligures (juoteil by Growtheb : 


Moist ur(' 

Albuminoids (Frotein ) 

Oil 

Ash 

Common salt 

Carbohydrates, Cellulose, etc. . 


7.7-18.1 % 

51.1-03.1 (90 % digestible) 
1.3-0.7 
20.8-28.0 
0.0-5.3 
0.3-4.2 


This meal has a high food value, as is jiroved by the following 
figures : digestible protein 54 % — digestible oil 4 % — food units 
145 — luice of food unit (in .1919) 3 shillings. 

Fish meal of inferior quality and a brown colour which is prepared 
from stale olfal cannot be used as a stock-feed, but makes an excellent 
nitrogenous and phosphatic fertiliser oentaining 8.03-9.59 % N, and 
7.72-20.28 % of phosphates. 

If the oil content of the meal exceeds 3 %•, it may inn)art on un- 
pleasant smell to milk and meat. 
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Taking it on the whole, tlio addition of 14 1o 29 % of this meal 
to the basal ration ifiereased the live-weight of pigs. The amoiiiits 
to be fed according to the results of experiments made in (Ireal Hritain, 
Germany and Norway are : for cattle, 2 kg. jjer 1000 kg. liv(‘ wcdght — 
for pigs 110 to 225 gm. per head according to Iheii' live- weight — 
100-200 gm. can be given to sln^'p — only 10 % may be addcal to llie 
ration of adult fowls and 5 % lo that of pulhds. Fowls must be given 
fish-meal containing little fal and the birds must b(‘ accustomed to 
it gradually. 

In France, farmers have reached tlie point of giving swine as much 
as 3tji) gm. of lish-meal a day, substituting it for an eipial amount, of 
other foods. The incj-eased liv<‘-weight was obtaimal at less cost when 
this meal was fed. It, also seems lameticial lo iiiglings suffering 
from ent(‘ritis and osscmhis cachexy. 

At (%)iml)atore (llritish India), an (‘xiarimcmt was made with 10 
cattle, 5 being fed a ration containing fish meal, and the ot her 5 ri'ceiv- 
ing none. The amount of in(‘al giv<‘n was 340 gm. ])er head and iier day. 
At the end of 6 weeks, tin* animals W(U(‘ (|uite accustouKHl to their new 
food, but their live-weight remained a little below that of the control 
lot, e. g. 0,804 kg. as against 0,810 kg. It, appears that Osh meal 
promotes sexual maturity. 

On the experiuKUital farm of Le(‘ds Ihiiversity and ol the York- 
shire (\)uneil for Agricultural Fdu(*,ation (lOngland), exjieiinumts w(‘re 
conducted for 22 weeks with pigs which were given bran and shorts, 
gradually rejdaced by an ecpial weight, of hsh-nieal. OMiis ]>roduc(‘d 
an excess gain of 590 gm. in live-weight per head and [ler week during 
the first; period, and of 035 gr. during the second ix^riod. 

The manure of pigs thus b‘d fctcheil nearly thr(‘e times as much 
per ton as that of the eoiitrc)! animals. Tlu^ use* of (ish-meal u]> to 
of the total ration somewhat increased the cost jut h(*a.d per week. 
The meat and fat acquired no unph^asant simdl. 

At the Experiment Farm of the lUireaii of Animals Industry 
(United States) of the Washington I)(‘partm(‘nt of Agrieult ur(‘, tliis 
meal was experimentally Jed to 12 three-months-old IWukshire i»igs. 
The lot fed fish meal in achlition to their ordinary rations inen‘ased 
4.53 kg. more in live-weight than those given tankage as a s(i])])leriierit; 
to the same ration. 

The “ Bezugsvereinigung Deutseher Landwirtc* (1. in. b. II. ol 
Berlin has recently jiUuaMl on the market a food calliMl Maismast- 
futter ” w^hich is composed of maize residues and tish-ineal ; it has the 
following percentage comjiosition : crude protein 18.3-20.8 — crude 
fat 5-6.2 — N-lTee extract 45.5-54.4 — fibre 5.4-9. 

This food w^as given to fully grown swine at tin* rate of 2.3 lbs. 
(1. kg.) a day with 17.5 lbs. (8 kg.) of steamed, cTUSlual potatoes, 
for 4 weeks, after which th(‘ quantity was increased to 4.1 lbs. (2 kg.) 
per head. The results were good, and the lish-meal had no deleterious 
effect upon the quality of the meat. 

In Germany, on tlie initiative of the Kriegsaiisschuss fiir Ersatz- 
futter ” (War Commissariat for Forage Substitutes) a meal was made 
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from dried, ground mussels which suited swine and fowls, especially 
if fed in small quantities (25 gm. per 100 kg. of tive weight). Its per- 
centage composition was as follows: water 1.7 — crude protein 
10.6 (pure albumen 8.7) — crude fat 1.1 — N-free extracts 2.7 — 
crude fibre 0.8 — ash 83.1 (12 % sand and 1.6 % sodium chloride). 

The small lobsters and shrimps from the North fc^ea were used in 
Germany for making an alimentary meal for swine and poultry. 
Their i)ereentiage comj)osition is given in the following table. 



1 Dried lob^^ters 

Dried slirimps 

Water 

' 1 

0 % 

Crude proloin 

. - - . .1 62.9 

fiO 3 

Crude fat 

1 3 9 

5 0 

N-free extracts 

i 10 1 


Crudf fibre 

; 



Ash 

1 17 0 

IS 0 


38. — Dairy and Cheese Factories residues. 

Spoilt milk. — A disliiiction must be drawn in this (‘connection 
between the by-products and the residims. The by-products (casein, 
skimmcMl inilk, wh(*y, milk sugar, lactic, acid) cannot be dealt with lu^re. 

W(‘ must, however, (ionsid(‘r huiter-7nilk which has the following 
percentage composition : water 91 — fat 0.5 — casein and al- 
bumin 3.4 — lactose 4 — mineral substances 0.7. It is a true re- 
sidue of butter-making. 

Whey, like butt(‘niulk, is good for pigs, provided it has not become 
altered by putrid fermentation which easily sets in. 

Among the residues proi)erly so-called is milk spoilt from various 
causes, which can nearly always be used for stock-feeding (1). 
If the alteration is due to contagious disease the milk must be boiled 
before use. Should putrid iermentation set in the milk must not 
be given to animals, but it can be used as liquid manure for waticring 
dung and composts. 

Cheese residues. — These are obtained by paring and scraj^ing 
the clK'cses when they are taken out of the forms ; these residues are 
rich in nitrogenous substances and fat., and so, provided they are not 
too salt , th(‘y suit animals well. 

They must naturally be given fresh and free from mould. These 
residues are soaked in Avater and used to moisten forages of inferior 


(1) Cfr : 1) A. Rolet, Lea Industries annexes de la Laiterie, Paris, 6ailli6re, 1920, 
p 1:H. — 2) E. Pott, op. eit., Vol. Ill, p. 682. 
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quality. The amounts fed should be moderate. Ae<c^ordinj? to Gotttn, 
the following quantity^^es are injurious : 250-300 gin. for pigs ; 500 grn. 
for sheep *, 3-6 kg. for eatlle. 


39. - Disintegrated Hair and Horns. 

Aiming at eeonomy in the protcdn substanetvs fed to sheep, 
K. /UNTZ (1) conceived the idea of sujqdying the cystin(‘ (7.3 %) ne- 
cessary for wool formation in the form of hair or otlier epithelial pro- 
ducts* rendered digestible by (diemical treatment. 

^rh(‘ experiment, was made on two sheep taking all matter required 
for fleece formation from disintegrated horns ; the rest of the ration 
consisted of disintegrated straw and of swedes. The nitrogenous mat- 
ter was furnished by 8-10 gm. of digestible horns per head and 
per day. 

After 4 mont-hs the fleeces of these vShee]) were softer and the dia- 
met(*>r of the staple was largcT than in tlu^ case of the control lot. 

It would howev(‘r a[)[)ear that further experiment is necessary 
to prove that horns, even if subjected to special treatnumt , can be 
rendered dig(‘Stiblc and nutritious. This opinion is confirmed by the 
results of r(*cent. exjieriimmtsraade at the Institute of Animal Physiology 
of the IJerlin Academy of Agricailture (2). 

In his experiments on sheep to which disintegrated, digestible 
horns were f(‘d Lkmmann did not obtain a definite rcssult and it was 
only in certain cases that any thickening of the fleece was observed. 
For this reason he rejects the favourable rissiilts obtained by Hellooup. 
He does, however, allow that digestible horns may have a stimulating 
effect on wool production, but denies their having any food value. 

Although it is premature to draw conclusions as to the value of 
these substances, Lehmann sf^ates that when the rations of sheep arc 
poor in concentrated foods, and their wool seems likely to be too fine, 
it might be well to thicken it by fecMling 25 to 50 gm. of digestibl(‘, dis- 
integrated horns per head and i)er day. 


40. — Feathers. 

During the moulting season, fowls need sulphur. Since fc^athcrs 
contain this substance in an organic form, xjoultry-breeders have been 
recommended to give their birds ground feather residues that have been 
dried on a sterilised oven (3). Each fowl should receive 1 gm. a day 
during moulting and afterwards. 

It is however doubtful if the nutritive principles of this food are 
assimilable. 


(1) Biedermann' 8 Zentralblatt, Year XLIX, Part. 6, Liepzlg, 1920. 

(2) Deutsche Landwirtskaftliche Zeitung, Year XXV, No 15. Haiiovor, 1921 

(3) Cfj*. I. BiiiiiiTTEiii, Alimentazione gratuita, etc. Palermo, 1921, 71. 
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41. — Chrysalids Silk- Worm Qistings, 

Cockchafers larvae, etc. (1). 

It is well known iliat during the reeling of the silk, the chrysalids 
remaining in the. basins constitute annually a large mass of residue 
from which the fat can be extracted, and which serves as a stock- 
feed and fertili8(‘r. 

Every 100 kg. of raw, reeh*d silk corresponds to 110 kg. of dry 
chrysalids, so that the chrysalids represenl about 79 % of the weight 
of the fresh cocoons. These chrysalids contain 16 to 18 % (and 
according t-o some authors much more) of an oil suitable for making 
ordinary soai)S (see j)ag. 344). 

The pcTcentage composition of t he erdlre chrysabds is : nitro- 
gen 9-9.5 — phosphoric acid 1.7-1. 8 — ])otash 1-1.1 — ash 5-5.5 
— moisture 10-113. They thus make a good nitrogentms fertiliser. 

Som(‘ f)eo])le feed chrysalids to ])igs, but they seem to give the 
meat an unj)leasant smell and llavour. ('hrysalids can also be given 
to poultry, and in Japan, they are fed very successfiiUy to goats. 
When fr(‘ed of fat, t.h(‘y contiiin 65 to ()6 % protein of which about 
half is digestible. 

Prof. G. OoLOMUo, of the Milan '' Jjaboratorio per studi ed espe- 
rienze sulla S(»ta ”, has devised a process for making these chrysalids 
into a stock meal. They are first freed from fat, tlum treated with 
water nmdered acid by sulidmric or hydrochloric acid, and finally 
dried and ground. 3'his meal is given to cows, horses and rabbits. 
To the first, it may be fed in a mash with a little salt and mi.ved with 
rice bran ; in this form it is good substit ute for linseed cake (see p. 152). 
The author found that 750 gm. chrysalid flour f 750 gm. rice flour 
were (equivalent to 1 kg. of linsc^ed cake. A little molasses renders the 
flour mor(e appetising. 

Prof. CoLOMUo found that a better food product could be obtained 
if the chrysalids w(*re not allow^ed to become altered by the beginning 
of decom[)osition before and after the treatiiKmt of the “ ricotti ”. 
In order to kec]) them unclianged, they must be quickly dried in a cur- 
rent of hot air. 


Silkivorm castings are mixed with small fragments of leaves ; 
they have long been used as a su])plemen1 ary feed for cattle and pigs. 

One ounce of silkwnrm eggs produces about 80 kg. of castings. 
The latter must only be fed in moderate quantities, for they have 
a strong absorbent capacity whim introduced into the stomach of ani- 


(1) Cf. : 1) Koumknti, op oit., p 22 — PmoccHi A., in L'Agric Ital. III., Year l,No. 2. 
Milan, 19111. — 3) Uttffoni, Boll, del Corut. Ptov di Agric. di S. Michele, Year XXXlIl, 
No. 40, 1920. In Italy, ( ho avoraj;?e annual supply of iheso chrysalids amounts to 6000 tons 
from winch 900 to 1000 ra, tons might be extracted, but as a matter of fact, loss than holf 
this quantity is obtained. 
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mals. They are kneaded in water and mixed with bran, beet root s, etc., 
before being given to j'attle. 

To horses, on the other hand, they are fed dry and preferably 
mixed with barley, or oats. 

These castings are made into ])ig-wash and given lo ]>igs which 
can eat as much as 1-1.5 kg. of the mixture p(‘r head and 
per day. 

Certain dead imects, like locusts, that are generally used as manure 
(see p. 256), when dried and ground may be fed in small quantities 
to fo.tls, if mixed with bran mash. 

Cockchafej’ grubs were readily eaten by fowls, but w hen t he rat ion 
of these insects reached 30 gm. a day the hens’ eggs had an unpleasant 
flavour. No doubt 5 to 10 gm. w'ould be enough, for t hese* larvae make 
a very concentrated food. 

The grubs, which are vcTy numerous in the soil some s(*asons, 
are generally collect ( m 1, but the* jierfect insects, either entire or ground, 
can also b(‘ fed to ])oultry. 

Fresh cockchafers contain on an average*: .31.1 dry matteT — 
20.9 % nitrogenous matte*r — .3.8 % e‘ru<le fat — 4.8 % chit in (not 
eligestible). 

Fish (e‘-arp) eat wdiede ce)e'kcha.lers with avielity. (\)vlccharjer jlo'ur 
is willingly eaten by swine, poultry fish anel he)rses. It e‘an be feel 
mixeel into a ])aste with eepial quantities of bran. 

The larvae of Tenehrio moliior anel those of varie)us speeiies of fly 
can also be given to fish. 

Choppeel-up earthwe)rms are much liked by treuit, anel also by 
poultry if mixed with bre*ael, barle*y, beuleel potate)es, etc. 


42. — Synthetic Albumen of fermentation. 

Mr. Hayduck (1) has ele*viseMl a pre)C(*.ss fe)r obtaining synthetic 
albumen by means of a special aerobic ferment se)wn em a se)lut,ion e)f 
sugar and ammonium sulphate. Afteu‘ 5 henirs fermentation albumen 
is proeluceel. 

The stuelies have been carried out at the ‘‘Institut fur (larungs- 
gewerbe ” in Beulin. 

Insteael of commercial sugar, the aut hor pre)])oses using the waste 
waters of sugar-r(*fin cries and starch factori(‘-s containing at least 
0.75 % of sugar, or else molasses. 

From 100 x^arts of sugar can be obtained 70 kg. of dry matter 
containing 50 % albumen. It was suggested using this dry material 
as a stock feed. The chemical composition of this mineral yeast 
is as follows : 


(1) Cf. : 1) Die Deutsche Zuckrrinduslrie No. .39. Berlin, 1916.— 2) Dr. Max Klino, 
Op. cit., p. 140. 



200 


PART IL 


AccordiQR 
to Wi WoLTZ 


Acrording 
to D Meyik 


Water 

Urudo protein 

Urudo fat 

N-froo flubutaneeH . i 

Mineral 8ubBtanei\K ..... i 


6 9 
52 ti 
5 K 
24 r> 
11 1 


u 5 
45 1 

25.1 
18 :i 


The slan'h value, aueortlin^ to T). M i:\ER, is 50.0 kg. This yeast 
has the same food value as dried heer-y(‘ast. 

Ill has given good results when tried on eows and swine. The 
prodiKdion eost of 100 kg. of this albumen has becm estimated by 
Uaydtick at 25 marks in the (‘iise of faetories with an annual output 
of 10.000 tons of dried food. This ligure appears to us very low. 

In eonelusion, we ludieve that, it is a qiu^stion of giving this fer- 
ment the means of multi])lying and ])roducing in its oiganism, after 
the manner of tlu* ferments, albuminoid subsianees at the expense 
of the earbon, hydrogen and oxygen in the suga.i‘ and the nitrogen 
of the ammonium sulphate. 

Tn (.Jermany, during the War, nutritive yeasts of various qualities 
wer(‘ iirodueed in eonsidiTabh^ quantities (see ]>. 01), but this was one 
of the many (]uasi industi’ial processes which (aime to an end with 
the c(\ssation of hostilities. 


43. - Synthetic Fat of fermentation. 

At the Berlin “ Institut fiir Garungsgewerbe ”, a new ferment 
was isolated that was capable of producing a thick layer of fat in a 
special liquid (f). This layer, on drying, had the following percentage 
comjiosition : ash 8.8 — organic matter 91.9 — crude protein 
31.4 — fat 17.00 — carbohydrates 43.44. The fat was a saponi- 
liable oil and, in view of the dearth of fats in Germany during the 
war, was recommended as a stock-feed (1). 

In order to judge whether this discovery is an a(‘.credited fact 
of any value, two important points need to b(‘ ascertained : the yield 
of the industrial process and the digestibility coefficient, of tlic products. 


(1) Cf Tageazeitung fur Brauerri, Yoar 13, No 230 Horliii, 1915 
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44. - Composition, digestibility 

and Starch Value of Feeds (afUr (). Kellner). 


nature of the PKliUS 
(Waste 'products) 


h-LKMENTS 


CRi’DB rEHUENTAGE UOMrOSlTlON liutritivs 



GREEN FORAGE 
Leaves and haulms 


l'’«Kl(ler cabbage . . 

j ir» i 

2.0 

O.7. 

8 1 

2 1 

1 0 

» 1 H 

1 

l.H 

0 1 

0.5 

J ", 

04. 

1.2: 

0 1 

Potato buiilnih - .Inly .'iiul 
AuHUst 

loll 

3.0 

0.7 

0.2 

3.0 

1.5 

M ' » 

! 

20 

0 2 

3.8 


80 

0.0 

5 5 

Potato liaulms belorn luiivp^t 

:!3.0 

2 .”) 

1.0 

10.2 

0 2 

3 1 

' ! ■ 


1.1 

0 2 

0 1 

2 2 

78' 

00 

7.2 

liPtives of rablm(j[(‘ tuinip . 

13..". 

2.8 

0 4 

71 

1 0 

1 0 

0.1!3 0,75 


1 'V 

0.2 

5.7 

0.0 

03 

0 4 

ii 3 

l/caves of Swedr tin nip 

J1 fi 

2 2 

0.5 

5.3 

1 5 

2.1 

0 100.44 

' 

1.5 

0 2 

4.2 

0«, 

03 

0 4 

5.3 

Carrot loavi's ... 

iH.i: 

3 4 

0 0 

7.1 

2.5 

4.3 

0.10, 1 30 


2.2 

0.5 

4 7 

1 4^ 

01 

1.5 

7.8 

PoddtT iKM't hnuns 

'll (1 

2,4 

0 1 

4.0 

1 0 

2 0 

000 i) 18 


1 0 

0 2 

3.5 

0 0 


1.0 

53 

JiTViHaloTii artichoUe loavoh . 

iki 3 

3.4 

1.1 

17 4 

5 4 

5.0 

0.04 0.30 


2 0 

0.5 

13 1 

2 2 

01 1 

1.7 

10 2 

Will to oabbai^o . . . .j 

KMJ 

1 7 

0.3 

5.0 

18 

1.2 

0,13 0,15 

1 

1.2 

01 

3.H 

1,3' 

91; 

0 7i 

5 1 

Ltnive.'! and collars of .sufiari 
l>pet 1 

10.2 

2 3 

0 4 

7.4 

1 0 

4.8 

1 ' 

0.08 0,17 

■1 

1 7 

0.2 

50' 

l.lj 

i 

84’, 

1 

1.4 

7.2 

liOaves of hirdi, Xiimi'it. .| 

4,'. 0 

! -0 

3 0 

24.7 

0.0 

1.0 

* ! * 1 

' 

4.8 

2.5 

10 3 

3 7, 

01' 

3.0 

20.0 

Loaves ot Ixiodi, \ujfust aiidj 
Sopt ember . . ■ ■ 

43 0 

0 0 

1 .5 

21.7 

08 

3 1 

1 : 

* 1 " 

1 

4.2 

OR 

11 3 

44 

82! 

i 

3.4; 

10.2 

Tieaves and stalks ot Imp . .j 

34.0 

! 4.7 

1 3 

11 7, 

0.2 

4 1 

1 

’ 1 " 1 

! 

3,0 

O.H 

0 4 

3.8 

83; 

24 

18 7 

Twills 111 winter i 

l7r.,o 

4.0 

10 

40.3 

20 7; 

1.5' 

1 x 


2 1 

0,8 

20.2 

0.7 

40 

1G| 

11.5 

M in spriijj? . . . * 

i 70.0 

2.0 

J 4 

3().2 

28.2' 

1 0 

1 

i 

1.2' 

0.0 

18 1 

7 1 

40' 

0.8; 

10.8 

» of ixiplar, July , . I 

70.4 

' 0 0 

2 0 

34.4 

30 4 

3o; 

« 1 
1 1 

!! 

2 ■{ 

1.1 

17 5 

8 2 

40, 

1.7. 

11.9 


DRY 

Leaves, haulms, eln. 


xVcttle 

'88.0 

18.3| 

7.7 

J8.0 

J0.6 

14.0, 0.94 

3.39112.8 

4 9 

30.0, 

0 0, 


9.3 

48.0 

Txmve.s aiu stein.s of hoj) . . 

|89.4 

12.5 1 

3.5 

38.1 

24 5 

10.8' » 

" 1! «'^'l 

2 5 

27 1: 

70 

09 

Oil 

31.1 

Potato banlni.s 

9t).o; 

9.4, 

24 

40.6, 

20.0 

no » 

1 

" Ij 

0.0 

24 4, 

9.0 

08 

2 3, 

25,8 

Leaves of deciduous trees, end 




1 


1 

|! 1 


1 



1 

37 7 

of July 

84.0 

10.5 

30 

49 3 

14.2 

7 0 » 

n ;i 0.2 

2.4 

32.5 

S.3 

82 

3 7 

Poplar leavbs, October . 

84.0 

10.8 

8.7 

.39.6 

17.4 

7.51 » 

M 0.0' 

0 9 

20 2 

5.0 

73 

i 

1, 

20.7 

Vine-leaves, aiitiimii 

'88.0 

11.4i 

5.7 

52.9; 

8.0 

10 0 » 

« i 0.7, 

4 5 

34.1; 

3 0 

90; 

4 1 

42 5 

Winter twigs, acacia 

87 0 

9.8 

J.7 

41 0 

31.5 

3.0 » 

i' 5 5! 

0 0 

19 3; 

0 0 

41 ! 

1 1 

4.0, 

12.0 

» » beedi . . j 

184.7 

4.0, 

1.6 

38 0 

38 5 

2.6' » 

.. ' 0 0 

0 2 

0.1: 

2.7 

-139 

0.1- 

12.9 

TVigs gathered Jul.v, pojiiar .| 

■80 4 

0 7 

2.9 

391 

34 4 

3 3 •> 

i' 20' 

1,1 

19 9 

9.4! 

1 40, 

1.8 

1 

13.2 

Pine sawdust 

! 83.5 

0,3 

0.7 

19.0 

02 4' 

0.5 « , 



78, 

6.9 

22 

« j- 

■ 3.3 

Jerusalem artichoke tops . . j 

1 87.5 

12 7, 

2 

48.1' 

14.2 

10.3 > : 

« j! IXi 

l.l 

33.0 

4.1' 

82 

fli: 

87.3 

Elm leaves { 

!880 

15 9: 

2.9 

49.9, 

8.0 

10.7 >• ' 

.. II 110; 

0.7 

40 7 

4.9' 

91 j 

8.5! 

50.0 

Dried sugar beet leaves ami 

.! 

1 



11.1' 

1 : 

M ! 


28.5 

i 

74 

1 

1 

82; 

1.7' 

27.7 

collars ! 

80.0 

91! 

OR 

34.8 


30 2i 1 

« |1 3 7 

0.2 
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PAMT 11 


NATUKK OF TUB FEEDS 
( Waste pToducin) 


1; 

OUtTDK 1'KHGF4NTAUE CCMFOBITION |j 

!* 

! ■ " ■ - 

ELEKENTS 

'^1 

nutritivB 

CdiKestlbles 

^ 

100) 

ny 


1 1 1 

ch i| 1 B 

H { PQ 

lie, t 1 -"S i 


at •i 


1 a; I -S 
t • t, 


I 

f ; s 

< \ ^ 3, 

I o. 1-1 

i I 

: Oh 


m = 


, ^ 

S ! S§ 


cj ;i =3 s 


STRAWS 
Cereal straws. 

Winler s|)elt . . 

.Spfiiin barley . . 

Jlarley with clover 
Winter barley . 

1 > Dill s . . 

Millet 

Maize 

Jlice 

Spring eereiilH average ... 

« " be.it <piiillt> . 

Win lei Kye 
Wheat ... 

Winter cereals, aveia^e 

» liest t|uality 

Leguminous straws. 

(iaiileii bean 
J’eas ... 

I’odiler veldi 
Ijeuniniriunsstraw, uveriipe 

X 11 best (pialily 

Lentils 
laipin. . 

Jtod clover 
Velvet ^etcl^ 

Soya bean . 

AV(mm 1 vetch . 

Other straws. 


' 85 

7 , 

27 

1.4 

31 H' 44 . 0 | 

5.8 

0 10 

0 . 2 <)j 

O.H 

0.4 

22.0 

11.8 

28 : 

0.6 

9.7 

';85 

1 

:i,r. 

1.4 

35 . 9 , 39 . 5 ' 

5.4 

0.18 

0.43 1 

0 9 

0.5 

19 0 

21.3 

40 

0.6 

19.0 

1 85 

7 * 

«.r. 

2.0 

3 H 0 , 33.4 j 

5.8 

« 

1 ' 

" ,j 

3 2 

J 0 

20.9 

18.4 

56 

2.4 

24.2 

85 

.71 

3 2 

1.4 

33.5 1 42 0 

5.0 

O.IH 

0 50 ,i 

0 7 

0 4 

12 7 

210 

31 

0.5 

10.7 

' 85 

^ 1 

3.8 

1.0 

35 9 ; 38 7 ! 

6.7 

0.15 

013 ' 

1.3 

0.5 

10.5 

20.0 

43 

1.0 

17.0 

' 85 

0 


2 3 

30 4 ' 35.21 

03 

•• 

“ ' 

1.6 

l.I 

20.0 

19.4 

52 

1.2 

22.3 

' 85 

0 

5.0 

1.5 

31.5 ,‘{9 2 

4.8 

0.30 

0.491 

1 7 

0.5 

17.2 

23.5 

47 

1.3 

20.5 

1 , 80 . 8 , 

5 5 

2 . 2 , 

33.5 35.3 1 

10.3 

** 

>• 

2 5 

1.0 

10 7 

20 1 

40 

1.2 

13.0 

'185 


3.7 

1.4 

37 . 5 ' .‘{ 9.0 1 

4.1 



V. 

01 

IH .5 

Jl.l 

46 

10 

18.8 

'85 

7 i 

1 

0 5 | 

2 , 3 j 

34 0 .30 4 1 

0 . 5 ; 

* 1 

” ' 

2 .b| 

O.H 

17.5 

20 6 

50 

0 tC 

20.7 

85 

'1 

7 i 

3 . 1 ! 

1 . 3 ' 

33 2 ; 44 . 0 ; 

4.1 

0.28 

0 .‘ 3 l' 

0.0 

04 ' 

12 9 

22.0 

.301 

0.4 

10.6 

,85 

T 

3 0 | 

1.2 

35.9 40.8 

4.8 

0.20 

(). 27 ! 

0 . 2 ' 

0.4 

13.3 

20 4 

32 


10 9 

^85 

"i 

3 . 0 ' 

12 

34 o' 42 21 

47 ! 

» 

' « 

0.2 

i 

13.1 

22 0 

32 

» 

11.5 

85 

7 i 

4 8 

14 

35 H, :{K, 3 l 

i i 

5 4 

1 

» i 

” '' 

!' 

0.8 

0 . 5 ! 

1 

1 

101 

21 4 

43 

0.4 

16.7 

i 1 

1 HI 0 : 

8.1 

i 1 

i-| 

1 i 

31 . 0 1 36 o| 

5 4 

1 0.22 

'1 

j 1 lo" 

4 0 

1 0 5 

20 5 

15 5 

48 

3.2 

19.2 


:H 0 . 4 | 
''807! 
; 84.0 1 
''840| 
I'HI.Oj 
Ht.O, 
84 O' 
84 o' 

';8I o! 

ll I 

;.8."i.l» 


IhieKwheat 

J'oi>py 

(;()i/ii ... 

thouiul Beed-beet . 

HUSKS AND CHAFF 
Cereals. 


I) 0 | 
0 . 0 , 
8 .o! 

30.2 1 

O.o' 

0 71 
7 . 4 l 
JO.l; 


1 o' :n ?! :r, o! 0 . 0 ! o.ao! i 65 ,; 4 ri: 07 18 5 ' 13 . 7 ! 


1.7 


29 8 ' 40 . 1 ), 5 . 3 , 0 . 27 , 1 . 50 ; 


32.5 .‘{ 8 . 0 , 
J.2j . 33 . 0 ' 31 . 5 ! 
1 . 7 ! 28.1 33 . 0 ; 

1 . 4 ! 30 «', 41 . 4 , 
1 . 8 | 22 8 44.6 
1.2 


4 . 5 i . I , 

51 ! » { » li 

twl » j . 'I 

3 9 ' 0.25 0.97 I 

"V i " ii 


4 1[ 
3 Hi 


32 1 j 39 . 9 ; 4.1 1 
2.0 38 . 3 , 26.1 10 . 2 | 0.30 1 43 '| 3 .' 


1 8 1,01 4.8j 

;H 4 . 0 i 6.11 

I 1 I 

', 84 . 0 l 2 . 5 j 

. !'h 4 .o' 5 . 5 ' 


Dari 

Si>olt 


1.7: 29.0, 37 0 

I : i 

! 1 : 

I * i 

1.2| 34.6' 38 2 
1 4 1 33.9' 33 9; 
1.2' ;{8.7 37 8' 

0.9 32 H 36 2 ! 

1 ! 


44 ; 


0.8 15.4 10 4 

04 18 2 15 4 

5 .()| 0.5 19,5 15.0 
oh! oh 16 8 , 13 , 7 ' 
2.5 j 0 4.20 0 21.0 
4 .u| 0 6 11.1 16.4 
2 8 ; 0 . 4 ; 10.2 15 5 
1.21253 9.9| 
8 . 7 ; O.h' 15.0 11.0 


5.2 0 . 01 ; 0.95 I 
8.7 1 0.16 : 1.47 I 


3.8 (). 2 r 


I 


2.2; 0.5 

2.8; 0.6 


18 0 17.2 
18.4 ' 15.2 


li.. .1 

. . |i8j.r 


0.9|55.7,2r>8i 8.0| 

1.3j 32.6; 40.0| 8 . 3 ; O. 59 I 0 . 20 ; 


‘•"ii 

!i 


l.Oj 0 5 20.4:14.0 
1.2! 0.3 13.5 9.0 


1.5 0.4 33 4112.9 
I ' I 
HI 0.4; 13.91 20.0 


16.2 

12.7 

15.2 

19.1 

16.4 
19 4 

5.8 

11.4 

16.2 
12.7 


15.7 

17.2 

15.2 

13.7 


40.7 

23.8 
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ELEMENTS 

'! 1 

1 



Ij CR 

l! % 


CRCENTAGB COMPOSITION 

nutritivs 

" ^ ' 












^ i 





1 , 






‘ H 

?• 


NATURE OF THE FEEDS 

dj . 

s ' 

' IT 

Cj 

a> 

Im 


arit 


E ^ ' 

X 

e5 

5 

< 


Waste prmiucts 

!' P . 

3 

c 

sd . u 

P O) 

Z , a> 

.fc; . 

1 1 

3= ■ 

CJ 

S ' 


.3 

3. 

O 

Lime 

i! i' 
e , "" 

X 

Zj 

ap ' 

Oj 

y , 

£ II 

"S 1 

d 1 « ; 

£ 

H 

•fi 

U ' 

c8 

o .-1 

Ho 

1/ 




' 





I 

1 : 





Barley 

' i 

:;h5 5! 

1 

2 9' 

1 

i.r» :18.4 

29 9 

12 8 

» 

“ 

, 0.8 0.3' 

17 2 

i : 

11.4 74 

0.3 

24.3 

OatH . 

"86 2 

0 

2.ri 41 5 

26.7 

10.3 

0 12 

0 40 

1 9 0.8 

19.9 

12 6' 79, 

1.4 

2S.() 

Millet ... 

H8.0| 

4.8' 

2.2 29 0 

40.8 

1J.2 

« 


1.7 0 7 

12.6 

13 1 62 

1 2 

19 4 

Mnize strijiiied stalk'^ . 

86.9' 


0.9 41.2 

38.9 

2 3 

0 02 

0 02 

1.6 0 1 

22 2 

19 3 49 

1.2 

21.1 

llice . ... 

■ , 5X).0 

:i7 

1.4 22-2 

381 

14.3 

0.17 

0.1 M 

0 4 0 9 

11 2 

O.l 19' 

0 1 

2..3 

Jlye .... 

85.?! 

if 

1 2 29 1 

41.1 

7 7 

0.36 0.3.3 1.1 0.1 11 2 

22 0 63 

0 7 

22 0 

Wheat ... 

'1 84.0 1 

4.7 

1.7 37.1 

20.4 

10.1 

0.40 

0 17 

' 1.4 0 3 

16 7 

14.6 74 

0.9 

24 2 


Lesaminous. 


Garden l>eans 

|1830 

10.7 

2 0 

22.3 

33 . 5 ! 

6 3 ' 0 27 0.68 i 

3.2' 

1.0 21.1, 14 4 

33 

4.0 

21.8 

I’eas 

!86.0 

9.8 

1.2 

22.7 

23 4 

5 9 )■ ■ 

x l| 

4.9 

0 3 20 2 

13 9 

.30 

3.7 

20.1 

Groiindmit pods cnialied 

:89 9 

7.2 

2 9 

18.3 

. 39 . 1 ' 

2.2 0.17 

0 81 

2 6 

2 8 7 . 2 ; 

2.0 

1. 

2.1 

0.1 

L<mtll.s 

; 83.0 

12.8 

18 

38 4 

19.3 

7.0 X 

•• 10 1 '' 

1.0 22 2 

9.() ; 

72 

8 2 

20,3 

LuiJin 

'83.0 

6.8 

0 7 

41 3 

30 1 

5 9 0.10 

OH, 

2 6, 

0 2 2;) 2 

11.4 

43 ' 

1 8 

14.4 

Soya bean 

,88 0 

6.3, 

1.3 

42.0 

301 

H.l " 

" J 

2.8 

0 8 30 7 

13 2 

63 

20' 

32 0 

Vetch 

' 85.0 

10. 1 

2.2 

21.8 

32 2 

8 2 « 

*• 

5 1 

J.l 19.1 

12.9 

32 

3 9 

20.1 

Other plants. 

i! ' 
|',86.8 

1 



1 

i 

Ij 


i i 

ji 




Buchwheut 

4.6 

1.1 

35 4 

43.5 

1 

2.2 • 1 

» |i 

2.1. 

0.3 14.8 

12.1 1 

39; 

J 6 

17.8 

Cacao hulls, meal ... 

i ‘.10.0 

14.3 

6 2 

46.3 

15.8 

7.4| » 

” : 

0.6. 

3.2| 22 2 ' 

3 2 ! 

88 , 

» 

33.6 

Linseed . ^ . 

j,'88 4 
'88.8 

2 3 

34 

23.0' 40.7 

5 8 0.45 

1.56 ; 

1.4 

1.7 1.1.0 

J2.2| 

60 

l.O 

17.7 

Camel iiin . . . 

2 7 

1.1 

22 6 45.2 

7.2 0-15 

1 60 . 

2 44 1 

1.0, 

0.4 1211 13 6; 

32 

07' 

14 1 

Colza 

i,84 0 

3.3' 

1.6 

24.4 

37 4, 

7 1 0 36 

1 5 

0 . 7 ; 10 6 

13 3i 

37 

1.1 

12.7 

Kape .... 

;'84.8 

3.3' 

1.3 

34.2 

37.7 

7.H, x 

1 5, 

0 6 16 5 

13.3 

36 

1.1 

12.4 

Sugatlxset .seed waste, pround 84.0 

J2.6 

1.8 

33.4 

26.7 



7.2 

1.2 15.0 

4.3 1 

71 

3 1 1 

18.8 


INDUSTRIAL WASTE 
PRODUCTS 


Milling. 


Cut ton seed hulls . . 

88 3' 

3.5 

1 3 

39 3 

40 7 

■ ! 


02 ' 

0.8! 19.6 



29 7 

Coarse buckwheat bran 

84 4 

80 ; 

1 8 

34.2 

37.6; 

2.8 

1.01 

0 . 23 ; 4.8' 

1.2 20 9 

(1.4 

4.3 

25 8 

Pine 

88.0 

15 2 ' 

4.5 

50.0 

11.3 

70 

U 

» |ill4, 

3 4 39 0, 

;i.7,i 

9.9 

55.2 

Spelt bran 

87.8 

1.3.1 

43 

52 . 5 ; 

10.0 

5.9 

9 

» jlll.R, 

3.8 44 l! 

25 : 

10.3 

60.7 

Pea iK>ds .... 

1 88 0 

7.3 

1.2 

31.9 

44.7, 

2.9, 

U 

* ji 

0.9^ 28.6 

42.2 

4.?! 

64.1 

Pea bran . 

|88.3 

16.8| 

1.7 

46.2 

20.1 

3.5 

p 

- ,12.6' 

1 . 2 ! 425 ; 

lO.lij 

11.3 

65 7 

Pea tlour (foddei) . . . ' 

'80 5 

23.4 

2.0 

51.0; 

7 . 0 ' 

3 1' 

A ! 

» :21l' 

I.4j 48 4' 

4 . 9 '! 

ij 

18.4 

71.3 

Groundnut hulls . . . j 

; 89.9 

7.2 

2.9 

18.5, 

59.1 1 

2 2 

B 1 

- i! 

2.8 7 . 2 ' 

2.0] 

21; 

0.1 

Groundnut bran . 

, 89.5 

21.8 

18.1 

24.7 1 

19.5' 

5.4 

* i 

« ! 16.3 

16.3 16.0 

«.7;i 

15.3 

73.7 

Barley bran 

189.5 

14.8 

3.6 

57.6 

8.5 

5.0 1 

0.92 

0.19 12.5 

j 

3.1 1 49.6 


11.4| 

66.0 

Oat chaff 

86 . 0 ! 

1.9 

0.5 

45 8 

32.4 

5.5 1 

0.16 

0.14 • 1 

0.2 1 16.5 1 

10.7|j 


18.3 

Oat bran 

1 ocul 

7.01 

2.7, 

53.8! 

2i.g! 

5.7 


3.8', 

1.51 37.5 

e.o'l 

3.4; 

45:3 
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FABT II. 


NATUJIK OF THE FKEDH 


(Want^ produrtn) 


CKTTDB I'ERCENTAOB COMPOSITION 1 1 


2 I 




® I f/J 

g 

o ' 


5 1 


ELEMENTS 

riutritivB 

difiestiblen 


.§ 


I 


,.1 

ii 


H •■ ! 


> 


gs 

aa 

l! 

i- 


Millet chiiH i 

HR4; 

3.9 

1 2 

27.9 45.9 

9 . 5 ! 



0.8 


3 0 

1 9 

-lyi 

0.4 

-0,0 

Millet polltihiiiL'H . . 

90 o' 

10 5 

15 3 

43.5 

8 5 

0.8 1 



13 2 

14 5 

34 8 

2.3 

97 

112 

80.1 

Hyp bran, iivennje . , j 

87..^, 

10.7 

3 i 

58 0 

5 2 

4 5 

2 44 

0.18 

12.5 

2.4 

42.9 


79 ' 

10.8 

40.9 

Wheat bran, Hue 

87,8' ir>.r>' 

4.8 

54 0 

8.0 

4 5 ; 

2 25 

0.14 , 12.9 

3.7 

10.5 

2.1 

79 

n.i 

48.1 

M ■> coaise . , . 

87 H, 

4.2 

52 2 

10.2 

5 9 ! 


1 

11.3 

, 

3 0 

371 

2.0 

77 
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Fresh potato pulii . ' 

14,0 ' 
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11.5 

1 5 

0.4 ', 0 03 0.05 

1 

.. 

8.8 

0.2 

95 


8.6 

Dried ■- « . . i 

80 0 

34 

0,1 
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88 
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" i 
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» ; 

1) 

52 

i.t 

95 

(( 
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'K).0 

70.2 

5.1 

0 2 

0 1 

-l! 

.. 


724 ' 

4.3 

4.3 

01 

UK) 

71.7 

80.9 

Fresh maize residues . I 

1 : 4 . 8 , 

3.0 

1.0 

10.0 

28 

02 I 

” 1 

» i 

2.9 

1 . 4 ! 15.1 

1.4 

92 

2 2 

19,5 

Dried » >< 

87.2 

I4.()| 

5 7 

01 3 

4.3 

1 9| 

" i 

1 

11 9 

5 1 

55 S 

2 3 

90 

J0.7 

71.1 

Maize nil. ... 

91,9 i 

23.7 

2.5 

50 8 

0.8 

2.1 


j» ! 

201 

1 5 

46.0 

3.0 

99 

18.0 

03 8 

Fresh rite ollal . . . ! 

44.7, 1 : 10 ; 
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” 1 

» 

11 2 

0 0 
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0.4 

1 

0.7 

92 

H... 

32.8 

Dried » . . 

HO o' 20 2 

21 

55.2 

1.1 

1.4i 

" 1 

» ! 
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1 0 50.3 
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10.3 
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Wheat clmtf ! 

2r» 5 

4 0 

1 8 

15.2 

3 8 

0.7l 


i 

“ 1 

3 0 

1.4 

12 0 

1.9 

77 

2.4 

15.0 

Fresh wheat rpsiducH 

IT ). 4 

2.0 

0,9 

10.5 

1.0 

o.lj 

» 


0.5 

9.t) 

0 8 

90 

12 

10.7 

Dried » » . . 

87.J : 

i 

8 . 7 ; 

1 

1 7 

74.0 

0.8 

13! 

1 


1 

'1 

0.9 

05.7 

0.5 

88 

5 0 
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Sugar refining 
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1 
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Fresh pulp or slices . . ' 

7.0 

oo' 


4.7 

i ^ 

on' 0.U3 0,15, 
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40 

1.0 
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0.3 

5.0 

Pressed '» » . ' 

15 0 

1 . 3 ; 

0.1 

9.9 

3 . 0 ; 


» : 

0 

0.7 


8.5 

2 2 

94! 

0.6 

[ 10.6 

At'id ensilage . , , . 

11 0 

lOi 

0.2 

7.2 

! 2.3 

09 ; 

» 


0.5 

01 

5.4 

1.2 

90 1 

0.3 

6.5 

J)ried » . . . ! 

88 8) 

S.l' 

0.0 

58 5 

, 17.0 

4 . 0 ' 0.15 

1.40 

4 . 1 ! 


50.4 

12.7, 

78 

3.0 

51.9 

Ordinary iiiolasses . ; 

78.1 

10.5 1 

» 60.4 

B I 

7.2 

0.05 0.31 

5 4 

» 

54.9 

■1 

1 

87 

* 

48.0 

Pulf) with inolassi's . 

00.0' 

8.7 

0 3 00.8 

13 8 

64 ; 

» 

» i 

4 0 

1) 

52 0 

8.2 


27 

50.5 

Heot slices sweetened . 

i ' 

Brewing, Distilling etc. || 

7.1 

0.4 07 9 

i 

' ll 8 

4 . 2 ' 

1 

1» ■ 

» ! 

4.3 

n 

03 8 

9.0 

77 

3.5 

58.9 

! 



i 

1 



1 

1 i 

1 1 







Brew-'ere' grains fresh . 

'23.8 

1 

"1, 

1 7 

lOO' 511 1.2 0.39 0.15 

1 3 . 7 , 

1.5 

0.0 

2 . 0 ' 

80 

3.5 

12.7 

» » (hied .1 1)1.0 

21 . 2 ' 

7 5 

417 

10 0, 4.0| 



I 15 . 1 ; 

0.0 

25.0 

7.7, 

84 

14.1 

50.3 

Anieiican grains ... 

91 0 

20.5; 

70 

421 

12 5 

2 . 9 ; 


1 

' 20.0 

0 . 0 ! 25.3 

0 . 0 ! 

87 

' 18.8 

53.7 

Dried distilleis’ gniin.s 

92 2 

19.5 

7.2 4H.3 

14 0 3 2| 


* 1 

on, 29.9 

7 0 

1 84 

12.9 

51.3 

Dried cereal lees ... . ' l)2.r» 

23.5' 

7.5 

41.5 

13.4 6 . 0 I 

" 

7.0 

33.2 

6.7 

84 12.2 

54.4 

Exhausted ho pis 

89.1 

15.3 

0.H 39.0 

21.0 

6 . 4 ' 

■ 


4.7; 

4i;.7| 

4.4 

19.0 

2« 

83 

3.0 

28.7 

I* yeast residues . . 

>7.9 

49.3 1 

2 . 9 ' 30.4 

0 . 1 , 5 . 2 ' 

* 

” 

1.1 

24.8 

» I 

1 100 40.5 

65.0 

Potato leeri fresh 

; 5.7 

1.2' 

0.1 1 3.1 

0.0 

0.7|0.13 

0 03 

I 0.0 


2.1! 

01 

93 

0.5 

2.6 

» (hi(Hl li'JOO 

Ii 

. 4.1 

3.7 

40.8 

9.5 

>1.?! 


■ 

_ 

12.21 

1 1 

1.8 

20.4 

2.0, 

90 

9.4 

31.2 


(•) The crude albumin of inolawses coiwUt entirely in non albuminoid subtanccs. 
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Miiizo lees t’rosh 

. rt.7 2.0 
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0.03 1.3 
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90 

1 1 

5.5 
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88 

2,7 
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9 3 25.4 
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80 
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.i:)2.0 O.a' 
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0.05 5.2 
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24 

90 

.19 

31) 9 
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, 92.0 O.'i 

2.5 09.1 9.0 2 4 0.9.1 
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1 9 00 1 
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9(i 

5 7 

71.0 

Malt perms . 

' 88 0 2:i 1 

1..5 43 0 12.3 7 5 1 73 

0 18 18 5 
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0.8 ' 

7i» 

11.4 

38.7 
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. ' 7.S J 9 

>' . 4.0 » 1 9 O.Ol 

0 01 1 0 

u 3.() 

, 

95 

0.1, 

3 7 
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78 17 

0 1 Hi 0 7 0.4 

••'111 
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04 

87 

0 9 

4.8 

• > iiri(‘d 

. 90.0 22.7 

f) 4 47 1 8 \) 5 9 

.. 11.5 

4 9 37 7 

5.3 

81 
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0.7 13.2 45 0 7 >. 

w ’ 0 1 

0.3 9 2 
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92 
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9.5 

■ 9 dried . . 

.90 0 J.O 
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, 1 (i 

1.0 11 . 4 ; 
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78 
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;i 4 

2 4 11.9 9.4 2 9 » 

'• 0.5 

13 4 3 
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32 
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5 
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90.0 lo.ri 

7 3 30.1 28 2 7 9 » 

« 10 

10 13.0 

2.1 

.12 

1.1 
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2 5 -,>''42 ^ 

» ' 77.2 

20 ' » ' 


](M) 

()8() 

07 7 

(iieaves 
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25 5 » •• 1 0.4 » 

, .) ' .55 7 
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52 7 

ItKi.l 
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2.1 " , " 32,0 « 
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ll.fii » » '29 2 
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100 

10 .1, 
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I'Yiraae meat meal . , , 

. '89.2 

13.2; » " ; 3.8 0 09 

0 ,30 07 2 
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03 0 
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. .1 93 0 ;")0.3 

J7 0 1.0 2 7 220 » 

1 .. ';39.2 
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*' ' 

31 1, 

70.3 

Skimmed milk . . . 

.',10 2 4.0 
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3 8 

9.0 

Sepal ated milk , . . 
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• i: -iw 
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76 

Butter milk . . 
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100 
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i! 
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Cockchafers fresh 
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3.8, > ' 48' l.G 0.:59 0.04 11.4 
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19.1 

dried. . . . 
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8.7! « 1 


100 
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Sweet whey ... 
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1 (K) 

0 9 

6 4 

Sour • ... 
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().*): 
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PART II. 


III. — FERTILISERS. 


Tlu* iiiilisiitioii of wnHie inatorial and rcssidiies as feitilisey?, will 
l>i()l)ably in the first inslaiice luniseliohl and other reruse, 

animal and luiinan exereiiienls, offals from slanjj^hterhoiises and fisheries, 
and other oriranie, iiiattei* lon^ used for f(‘rtilisin" the soil. But there 
ar(‘ many otluu’ materials whieh the war obliged farmers and manu- 
fa(‘tur(\s to utilise, materials before 1911 litll(‘ and only locally em- 
y)loyed or ev(*n enlindy neglected because th(‘y were considered of 
no value. 

Th(‘ j^reat: scarcity of all kinds of raw^ material and consequently 
also of [(‘rt.ilisers, ex|)(Tienced iji all count.ri(‘s durinfi: the war, made 
inveStitialoT’s realise lhal the waste of immense quanldies of refuse 
meant a e.(‘rtaiii loss to ai^riculture of lar^e amounts of nitro^tm, ])ho8- 
phoric acid and })otash. In these very substances the cultivated 
soils were all the time becoming poorer owiiifj^ to the diminishing 
])ro(hiction (d‘ cluMuical fertilisers. Eiuiuiry was then made into the 
i)est means of remedying this state of atfairs, at least partially, and 
a more systxMuatic and wider use of refuse of all kinds was inaugurat- 
ed. Many m‘w avenues were opened and others which had been 
abandoned for very many years were again explored. Ex])eriments 
were hurriedly made witli jnocesses diiectly converting certain re- 
sidues into fertiliser, or extracting from otluus, unsuitable for direct 
use, th(‘ fertilising matier contained in them: industrial apidication 
soon followed. 

Thus the process was intensified of extracting potash from the 
algae whicii are cast uy) by the sea on certain coasts or which the sea 
contains in <]uantities near the shore. 

Processes of yiuriiication of sewage w ater or of utilisation of their 
sediments were iniyiroved and extended ; the conversion of straw 
directiy into manure w^as enquired into ; the yiotassic dust from ce- 
ment kilns and the rcduse from blast furnaces became ap})reciable 
sources of y)ot.ash for tiie soil ; atterayits were again made to extract 

y) Otash from the brine of salt-works, and ashes of all kinds w^ere care- 
fully collected and utilised. 

The waste from several industries was treated with a view to 
its use as fertilisiT without considering too closely the cost, often 
so high that on(‘e the war w^as over economic reasons prevented the 

ap] )lication of many of the yirocesses. 

But while in certain cases this utilisation of waste material 
brought about by the w ar came t o an end with the advent of peace, in 
other cases it remains and will continue as something of definite 
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value arising from amongst the riumeroiis disasters engendered by 
the terrible conflict. ^ 

In this part of the book, an attempt is made to s(*t oiil in a brief 
but adequate manner everything relating to the utilisation of re- 
sidues from large and small indust ries, from households or i'rom ]uib- 
lic economy, the aim being to make clear, as may a|)pt‘ar macssaiy, 
not only the gen(‘ral lines of each topic but the special action taken 
during the war in relation to the (piestion of fiutilisation of the soil. 

^ — Seaweed or Kelp : its use as a potassic or other 
fertilising product (1). 

Seaweed is used in various countries, (ulluu- directly as a ferlili- 
ser, or lor th(‘ potash that can be obtained I'rom th(‘ ash. Pro- 
fessor 1. (iKiLiOLl (2) writes: ‘‘instead ol‘<ligging iji a. green (uop which 
besides the expense of the see<l and labour (‘osts as l(‘ast tin* rent of 
the land for the ])eriod of growth, it is better to dig in seaweed, wlum- 
ever : these cost, only tin* expense ol gathering np on the 

shore and (parting to the lields. In the neighbourhood of t.he coast 
digging in S(»aweed will always l)e less costly than manuring with legn- 
miuosae : and wluui it is done with seaweed ])rop(‘rly handled, iti 
will entail (‘qually good results with a C(‘r<‘al crop, 


( 1 ) (Jf : 1 ) AffU nr.art M<tchLnittt,ViA 47, No LJ, London, l!H7 - 2) Umtkd S pa j ics 1 >i j* 
or Anitif. Office of tfn Sicrit. f\’i}>or( 100, Washintilon, 1105 — .*{ ) L'tHjribrrrDui and Mimiuf 
Journal, Vol (UT, No 25, Nrw York, 11)1 (> — -1) 'ruitiiKNi i \i;, .J VV , Jiall. of thv O, S. 
]>tp of df/rtV , N(» 150, VN'asliintjlon, 1915. — 5) IIoaolano, I) K and Stkwaut, (r K, 
Journal of Aijrir IV, Waslnimton, 1915 — (i) I’hTHYiminuii, (3 11, Ih}) of A(jr%e 

ami Tvdm. Instruction for li eland. Journal, \al XV, Nc* II, IliiOIin, 1915 -- 7)13 i-okss, I*. 
Monitiur Scientifiqae du Or Queftnerilh , >'oai LX, V'ol VI, part'-i J and II, I'uiim, 191 (i; 
yeai LX, Vol X, Nos D.'Uj and 915. ]*ni‘is, 1920 — - S) IIicndkk k, J , Jourmtl of the St>ei<'tq 
of Oh<m Ind , vi>l. XXXV, No 10, I^ondon, 1910 — 9) Tkottiok, A , hlota eetmomtea dilla 
trihia, Home, Tip Unionnlidilr , 1915 — 10) Sestiki, F , Analisi cliiinifa d una ])iiinla inai jna, 
in Lt Stnz. Sperimentah Ayr It , Vol 111, 1874, p 115; Vol. IV, 1S75, p 48 , vol V, 1875, 
p. 102. — Mu.sso, (I , Sullu ooinpoHi/.ioiio dolla foulini, Itddeni, Vol IX, 18H0, 

p 1S9. — 11) REAn, <1. iind Smith, H. (1 , An Invt'sl i^'atioii of tlio " Moruni fil>ro « of 7W/- 
donia aiiMralis, C</rnm, of AuMraha I nMttuU of tSonit e and 1 mint, try, B nil N(> 14, MrlUourno 
1919 — 12) J W. Turtientine mid P S Shoaef, Potash from Kolp, in The Journal of Tn- 
d.iHtrial and Knyinctriny Chemistry, No. 11, 1919, No 12, 1920; No. LI, 1921; No 11, 
1922; No 2, 192:i. Now York — 1 M)Th H. NtmroN', Potasli prodnohon in Luljforma and Po- 
tash from Kolp Dep of Comm. Washington, 1915 — 14) K Yendo, Sajiiioro On tho Cul- 
tivation of Soawoc'ds, with spnoial aocoiirits of thoir ooolo^v The Economic Broccediny, Boyal 
Dublin Society, Vol. 11, No 7. Dnhhii, March 1914. — 15) Hurij, S .1 , Tho Kcoiiomic 
Valiio of Pacific (knial Kolps Coll of Ayric , Ayric Exo St Bull , No 248, 1915, Uorkoloy, 

Cal. — 15) Fr. K Cameron, Kelp a Ilf I other sou rre.s of potash Journal of th( Franklin Inst. 
Phdadelpliia, Pa., Orl 19Lf — 17) U S Deo, of Agrk' , Yearbook 1915, 1916, 1917, 1918, 
1919, 1920. — 18) Q R. Ceolocj ^STTnvEA^ Pota.sh in 1920. Washington, 0(»v. Pr Off., 

1921. — 19) E SoREL, La pnmde Industrie chirniquo nijnc'iralo Puns, 1904, Vol. 2, p 124 
— 20) Univ. of Caeifounia, 'J’he Marino Al^ae of the Pacific Coast of North Amorira Univ. 
Cal. Pnss Ucrkelev, 1919-20. — 21) Sidney J Johnstone, Potanh, hnpor Instit London, 

1922. 

(2) J. GfOEiOEi, Campo Rponmontale tli Siiossola Ciiltura del fnimonto Porlici, 1901, 
p. XI. 
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Diiriiij? the war, as ])otasBic salts were no longer imported from 
Germany tliere was a considerable devtdoprneict of the extraction of 
potash from seaweeds, espKiially in tlie Uniterl states where, as we 
shall see later, larg(‘ (juaiitities of certain species of seaweeds, very 
rich in potash (1), are found. 

In the United Stall's the collection of seawei'd is carried on by 
several companies along the Pacific coast- from Los Angeles to San 
Diego. It is done by means of large barges provided with a sjiecial 
elevat or loading apparatus with biade-]>eai ing bar like that of reap- 
ing machines (see tig. 57). 

Ordinarily seaweeds are collected to a ilepth of H-8 ftVt, for 
below that dcjith tlii'y are less rich in iiotash. These barges can 



Fio 57 — Machine for collecting fioawood, with elevutor-loading apparatus 

(on the right) 

(ilopr. from U S. Dcp, of Ayr , Y earhook ^ 1916), 


collect from 32.5 to 60 tons of seaweed i)er hour. In favourable wea- 
ther they go as far as 2 or 3 miles from the shore travelling at- a speed 
of 4 miles an hour and collecting in 1 hour over 25 short tons of sea- 
weed. This was sold, in>» 3915, at 20 cents per short to7i (907 kg.) 
of moist seawed delivered at the factory. The cutting of the sea- 
weed is done, on the average, 3 times a year. 

(1) Before the war (191:M«U) the Uiiitod Slates imported tho following quantities of 
potasBiG salts of German origin : 1,060,000 long tons (1016 kg. ) including 230,000 torn) of 
chloride 80 % pure, 45,000 long tons of sulphate 90 % pure, 261,000 long tons of crude salts 
with 20 % of potash and 520,000 long tons of kainito uith 12.4 % of potash These quanti- 
ties correspond to 413,000 tons of pure chloride of potassium. 

Tho American production of potash, during the last 6 years, rose from 1090 metric tons 
in 1916 to 54,803 tons in 1918, then fell to 30,899 tons in 1919 to increase again to 48,626 
tons in 1920. Of the total amounting to 177,000 tons produced in the 6 years 1916-1920, 
10 % Mere obtained from beds of potaasic minerals, 70 % from deposits of soluble salts 
and 20 % from organic materials. The value of the above-mentioned total quantity amounts 
to 58 million dollars (Cf. U. S Departrnent of AgricultuTe, Yearbook, 1920, p. 376). 
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The extent and importance of the liclp formations of the North 
American Pacific coasts were estimated as follows in 1915 : — Area 
1010 sq. km. — fresh seaweed 60,254,388 metric tons — correspond ing 
chloride of potassium 2,302,256 metric tons. On Ihe su])position 
that all the potassic chloride could be extracted, it would represent 



Fio. 58. — The machine of lig. 2. seen from he-hmd. 
(Hepr. from, U. S. Pep. o/ Agr , Yearbook^ lOlG) 



Fia 59. — for the truiisport of the weaweed 

(Tiepr. from LT S Dcp. nf Agr , Yvttrbuok, 1915) 

a value of nearly 82 million dollars. From Puget Sound in Alaska 
the annual production of wt‘t seaweed has risen to an average of 
11.930,000 tons. 

To get 1 ton of ash, it requires 21 to 22 tons of moist seaweed 
with 4 % of potash. Air dried, the seaweed contains 15 % of po- 
tash (KyO), 2 % of nitrogen an<l 1.5 % of phosjihoric anhydridt. It is 
easily pulverised. Di^ying can be done in revolving ovens and the 
dry product contains as much as 25 % of potassic chloride. 

14 
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PABT II. 


In the United States they have tried to improve the system of 
incineration by recovering the by-products. With this object the 
“ Bureau of Fertilizers ’’ has establislied at Summerland (California) 
an Experimental Station for the utilisation of seaweed (fig. 60), with 
a credit of 175, ()()() dollars, which will study specially the extraction 
of potash from seaweeds : as soon as the latter are collected they are 
dried in rc^volving ovens, then subjected to dry distillation in re- 
torts similar to those in which nietallurgic coke is made (see fig. C6). 
In this way ammonia, burning gas, tar, etc., were obtained ; the re- 
sidue from tjhe retorts is subjected to lixiviation, which dissolves 
the ])otash salts and leaves the charcoal, used as fuel. 



Fl(J. 00. — Oeneml virw of Ihc Summerland Station (Cal ) 
(Uepr. from U. S, Jhp. of Atjr , Yearbook, 1920) 


This station treated, in 1920, 100 tons of fresh seaweed per day 
and obtained 2 tons of 80 % x^otassic salts, 1500 lbs. of charcoal and 
other by-products. 

Application was made to the States concern(‘(l (California, Or- 
egon, Washington and the territory of Alaska) and to tli(‘ Federal 
Congress for legislation, whieli would prevent irregular and unsys- 
tematic collection of seaweed ami would guarantee to the capital 
inv(‘sted in this industry some certainty of a regular su])ply of raw 
material. In 1915 in the United states the development of the pro- 
duction of potash from ArZp was hardly yet taken into account), and 
in 1916 the exi^ediency of utilising seaweed at places at a distance 
from the coasts where it is collected was called in question (1) ; on 
the other hand the Secretary of AgTiculture stated, on one of his Ke- 


(1) Cf. U, S. Dep 0 ) Yearbook, p. 309. 
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ports, tlijit the most abundant and immediately utilisable source 
of potash was to be» found in the f^igantic algiu* of thePacific 
coasts. 

After Germany had prohibited, in 1915, the (export of her 
potassic salts, eight large establishments were founded in California 
for the extraction of potash from seaweed; their cost varied bet vvtHui 
50,000 dollars and 2 million dollars. Some of the machines for col- 
lecting the seaweed had a capacity of 2500 tons. l>y Sej)tember 1910, 

125,000 tons of seaweed 
had b(‘en collected yielding 
about 10 % of dry product, 
from which tlie establish- 
ments at work were only 
extracting potassic salts, 
whereas t h(\y ought also to 
liave been x)rodueiiig oIIut 
by-produrds', little atteji- 
tion was how(*ver paid to 
these b(‘cause of the high 




I'^m. 61, 


PrlfKjophycvs porra. 


From Buki» in Coll, of Apr. — Agr. Jilxp. Stat. 
Berkeley, Cal., liull.. No. 218, 1915. 


Fj o 62 . — A laria ohlo mja . 

From Fn. OLTMANNS, Morphologlo 
\i. Biol. tier Algiin. Jena, G. Fi- 
Ht’lier, 1922, Vol. Jl. 


price reached by potash. Manufacture on su(*h lines would prob 
ably have become impossible on the restoration of normal market 
conditions (1). 

Pacific kelp, from Mexico up to Behring’s Sea, includes the following 
species : — Pelagophycus porra (Fig. 61) — Alaria ohlonga, A. fistu- 
losa (“ stringy kelp ”) (Fig. 62) — Nereocystis Luetkeana (“ bull kelp 


(1) In 1917 and 1918 there were on the rauific ooast ten coinpiuiiob for making potash 
from seaweed Tiio averago contont of tho alga was 16 % of KjOin the dry matorinl, liO % in 
the ash, and 60 % in tho refined saUs According to the figureii suppljed bj the Geological 
Survey the total product on was 4300 ton.s per annum 
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or “ bladder kelp ’*) (Fig. 63) — Macrocystis pyrifera (“ California 
kelp *'). (Fig. 64). The last two are the most important commercially. 
There are besides : — Egregia (Fig. 65) and Iridacea spp., Laminaria 
Andersoniiy etc. 

The leafy expansions of the Macrocystis are about 14 inches 
long ; the stalks are, on the average, 100 feet long, but some of them 

are found attaining a length 



Fia. 63, — Nt'rcocj/stis hutikemm 
From limiu, oj). oit. 


Fia. 64. — Macrocystis pyrifera. 
From Fii. ()ltmai*;n8, op. cit., Vol. II. 


40 feet long. These two seaweeds are perennial, while Nereoc^stis sp. is 
annual. The following are the results of analysis of the dry matter : — 



Organic matter | 

rcitash ' 

Nitrogen 

I(xline 

.r . 1 

Ncrcocystts | 

•*7 75% 

2140% 

180% 

1 0.11% 

Macrocysiis 1 

63.00 

1 

1 L _ _ 

13.63 i 

1.83 

I 0.19 

j 


The quantity of dry seaweed corresponding with fresh seaweed 
varies with the species : — from 100 tons of fresh Macrocystis, about 
13.2 tons of dry seaweed containing 2.53 tons df potash are obtained; 
the same weight of Nereocystis yields 8.6 tons of dry seaweed 
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oontainiDg 1.6 ton of potash ; lastly for Alaria sp., wo get respect- 
ively 13.7 tons and 1.33 ton. Considering only the hi st two of these 
seaweeds, it may be Allowed that, on the average, 100 tons of fresh 
seaweed yields 10.9 tons of dry seaweeil containing 18.9 % of po- 
tash, 2 % of nitrogen and 1.5 % of iihosphorie acid. 

Composition of the ash of the pa^'t collected of the following species. 


Caloiurif , . . 
Magnesium • . 
Sodium. . 
PotaHHium ■ • 
Ferric oxide ) 
Alumina ) 
Chlorine . . . 
Sulphuric acid. 
Carbonic acid . 
Phosphoric acid 


Total aali in the dry matior . 


Macrocijstis 

Vi/njera 

Nereo^u-tfiti \ 
LuHkeana 

1 

l‘elaffophveue 

porra 

i tiii i 

1 

^10% j 

2.00 % 

... 1 

1.55 ; 

1 71 

IOol2 1 

11 05 1 

8 03 


32.00 

31 73 

0 43 

0 17 

0 20 

34 H3 

40 SO 

40.83 

7 

4 03 

4 84 

1 14 

3.10 

1 GO 

2 30 

101 

2 IS 

97 20 ‘J o 

08 00 “(j 

‘Ml 03 % 

35 02 

50 5 7 

i 52 r.H 


The followdiig are the methods of extraction employiMl : 


(tt) Partial drying, separation of the 
saline ehiores(‘.ences (containing probably l(‘.ss 
than % of total ])otaslj), tlien complete drying 
and trituration of t he residue, to be used as 
low grade potassie and nitrogenous fertiliser. 

It is well to put them on the soil mixed 
with lime, or better, with basic slag or 
superphosphate. 

This method does not appear to be 
suitable for the Macrocystis. 

(h) Extraction of the greater part of 
the potash and iodine from the fresh mat(‘- 
rial by lixiviation, complete evaijoratioii of 
the solution and calcination of the residue 
of the lixiviated seaweed, in which there 
remains or more of organic matter yielding 
a humiferous material containing about 3 % 
of nitrogen. This method, which entails 
small losses of the constituents, recpiires 
much labour over the evaporation of the 
solution containing viscous matter. 

According to the* English patent 



Fid. — Efjregia Merziesii. 
1. The growing plant. 2. 
l^iowcr part 3. Upper part. 
4 Whole plant. 

From Fr. Oltmannb, op. cit., 
Vol. II. 
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of 1915, taken out by Messrs. Beborg, Testrup and Techno-Chemical 
Laboratory, the seaweed is reduced to pulp and ^driven under pressure 
into an oven, afterwards cooled again and pressed to separate 
the moisture which retains all the potash, soda and iodine. As 
soon as the salt.s have been separated from the organic matter 

it is easy to i)urify 



them l)y successive 
crystallizations and 
th<^ iodine is ex- 
tract. (Mi from the 
uiotlKM' liquid.^ This 
process yiedds pure 
(dll Olid es of jiotas- 
sium and of sodium, 
iodide of potassium, 
and tlie residue of 
the seaweed fur- 
nishes a food for 
liv(‘sto(‘lv containing 
4.5 ^y, of nitrogen. 

(() Calciiiatioii 
of tlie dry seaweeds, 
lixiviatioii of the 
ash, separation of 
the gieater ])art of 
the potash and of 
about 80 % of the 
iodine. This method 
gives rise to losses of 
nitrog(‘n and com- 
bustible matter, but 
it^ is simxile and 
econo Jiii cal. 

Tlui solution of 
t he lixiviation of the 
ash, wlum from 24® 
to 26.4®. B6 is shown. 


f’lQ, — Retort for tlio combiiBtion of Hoavveed 

for tho oxtrartion of potash. 


is allowed to clear, 
then it is placed 


(Roprod. from tho Scientific American, Fob., 1022) ill a large il'On hemi- 


spherical boiler. 


The liquid is heated by steam and stirred and continues to 
concentrate up to 33.3® to 35.4® Be. Then the liquid while still 
hot is poured into the crystallising pans. The solid residue thus 
obtained contains about 60 % of potassium sulphate and the 
remainder is sodium suljihate and sodium chloride. From the mother 
liquor of this crystallisation chloride of potassium is obtained to 
about 90 % of purity. From the residual mojjher liquor iodine is 
obtained. 
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The residue of the lixiviation of the ash of seaweed is used iu 
France as a fertiliser^ it contains in a considerable juoixution car- 
bonate and phosphate of lime and magnesium. According to A. A. 
MoFi^AT this residuum has the following avemge enmposilion : car- 
bonate of calcium 20.50 -- sulphate- of caJ(‘-iuin .‘hOO — sulphide of 
calcium 1.70 — carbonate of magnesium 0.11 — salts ol‘ jadash 
and soda 1.50 — mineral phosi)hates 0.72 — carbon li.OO — flint 
and sand 20.82 — moisture 5‘3.50. 

The cost of preparation in the United States, in J915, was as 
follows ])er short ton of 007 kg. : — 

Cut ting, collection and transport of 11 m‘ seaweed dollars 1.83 


Drying " J.04 

Trituration and mani] filiation ” ].00 

(teneral expenses, interest, etc ” _ 1.()0 


Total . . . dollars 5.47 
Tlie profit was at that time 10 dollars (1). 

(1) Jl, protitabln It) ovlrarl- p0^ahll from soiivvooils diinn/j: tlio war on Hc-c*oiml, of 1 ho 
bcorrity of i)otnsli, but in iitnin.d oondil ions \iitli oiilunii v molliods it jh too fosUv Al prosont 
tlie Univmi of Soils is tO'.tiiiLr t\ mol hod tor oxlinclmj' iiotasli from soawtx'd m normal limns. 

Jn tlio ooTidmsI ion of driod soawood, aminomu. oils, croosolo and fiiicli aro h)st, and c-luir- 
coal (ki^lpcliar ) an ononcotio tknsiloiisov, and asli with )»otashio salts and loilmo aiu oblamod. 
The results Inthnrto ohlanasl .show that tho cliarcoal and the iodine Hidlico lo oiiablo potash 
to bo obtained at a commercial pijc'o capablo of compolitij.^ wd-b that of potash from other 
sources (Cf. Srirnitfic Amtrican, Feb p lb7) 

For a del ailed aeronnt of I be mamifaetnre of “ Kolpehar ”, Cf J \V TniitKNTiNK n,nd 
TT. (jl T\NNKit, Jkilash from Kelp Tlio Applieabdil-v of Kelpcbai as a Uleuelnn^' and Tur- 
ifviiig AjL'oiit Thr Journ of Iml and Kinjin , Ch* m Vol 14, No 1, Wiislnnjt^ton, 1022. 
p. 19, — In tlu) samo ma>j;a7,ino (I91S, No. 10, p H12) /.euiucin has shown that a good 
doeolorisiiiii charcoal can bo made with eaciHc coast Kelp { Afnrrnrytttifi jnjrijtni), which is 
the peawecd on which the Kelp ^irodurts indnsl ry of South r.alifnriiia is based. 

The quantities of potash oxtracted from seaweed in the UniLod States diinn/^ tho war 
W'ore as follows : — 

Yeara 1911) 1917 19lH 

Metric tons 1412 .'1240 4:ir)S 

(Cf. Intern Inst, of Auiitc Intoruutiumd Trade in Fertili.sors, year No. 1921), 

Actii'f- carbmi can bo made fiom various vegetable rosiduea, as well as from seaweed, 
Ofipwially from saw'dust of diflerent woods, supar inaplo. coco nub shells, etc. 

The imprepnation of the sawdust with cldoride of inapncHium or its admixture with phos- 
pbate of calcium in erpial quantilie.s pives the l«e,st results for decoloration of syrup 

For the formation of active carbon by ilist illation of a carbonaceous substance it is 
essential that tho combustion temperature should be rather low iso that tlie carbon may absorb 
a certain quantity of hydrocarbons (*). 

It is advisaVdo to distill ri( r hunk, instead of burnmp it in open pans, to obtain carbon 
pas and distillation products, There need bo no mt-orferonco witfi the proces.H fiom exeesa 
of fibre for the bulk would be loHsened tho reduction of tho COg to CO in tho zone 

of combu.stion 

The husk on distillation yields from 38 to 40 % of coke, romovinp from it the 13 % of 
ash romaimng there is still a yield of pure carbon at least equal to tliat of wood 

For distillation to produce vopetable carbon it is uboful to mix the husk with dry eaw'dust 
BO as to reduce tho percentape of ash (30 %) in the carbon so formed (•*) 

(•) K. G. Ardaoh, Lea Carbons activfia. La Rev. den Prod. Chim., No 0. Pana, 1022. 

(*•) Cf. A. IJosoo, Distillazione secca del cascaini dei vegetali. Owm. di Chim. Iwi. e AppL, 
year IV, No. 4. Milan, 1022. 
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(d) Steei)ing in large pans, with the temperature accurately con- 
trolled and aeration with compressed air for 1(^ to 14 days. The. de- 
composition of the cellulose and of the mucilaginous substances form 
acids of the acetie< aci(i series, whil(‘ the mineral salts go into solution. 
Then lim(‘> is added and salts are formed corresponding to the acetic, 
butyric and propionic acids. 

When fermentation has proe.eeded far enough, it is arrested by 
raising tlie tem])erature up to lOO® C : the insoluble matter is separated 
from the licpiid which is allowed to clear. This is then treated in an 
eA"aj)orating ap])aralus at low pressure (quadruple 
etl'ect) till a crystalline deposit is luoduced Jcnown 
as tafly which is separated. By a subsequent 
process calcium acetate is obtained and then 
potassium vAiUnidv. From tafjy 1 here are manufac- 
tured on a large seale: ethyl butyrate, ethyl 
proiuonate, nudhyl-ethyl-ketone and other ketones 
used as solvcuits. 

From the insoluble mass left from the st eeping, 
algin(‘ can be extracted with carbonate of soda. 

According to K. K. Meade (1) light has not 
been thrown on the possibility of commercial 
production of potassic salts from seaweed, as for 
production of 20 tons of potash it is necessary to 
handle about 1500 tons of raw material euiitaining 
.1350 tons of water, and rotatory drying maehinery 
to (‘vaporat-e this quantity would rcquiie 38,000 
gallons of mineral oil. 

On the coasts of Scotland Laminaria digifata 
(fig. 67) and L. simophyllaj rich in potash and 
iodine, are chiefly used. They are dried, and then 
burnt till the asli begins to melt there being no 
ap})reciable loss of potash and iodine, juovided 
that no silica and limestone are present. 

In Ireland and in Ja])an (2) the seaweeds are 
even cultivated, that is to say beds of siliceous 
stones, or bundles of bamboo are jdaced for them 
The most valuable s])ecies for that zon(* is Fucus 
vesiculosus ; in d(*ep water the principal species belong to the genus 
Laminaria ; these are almost always used in the natural state as manure 
for potatoes. 

In France and Norway also enormous quantities of seaweed are 
used for the extraction of potash and iodine. The following coastal 
species (Zosterae, red seaweeds, Fucaccae) are so used and at times 



Fio. 67 — Lannnaria 
(digifata t) 

From Fr. Oi-tmanns, 
op. (it.. Vol. II. 

in the tidal zone. 


(14 n. K. Mkahk, Tho Possibilities of Dovc'loping an American Fotash Industry, M^tall, 
and Chem Kng , 1917 

(2) In Japan the almi called ainanori is (Cultivated over more than 2,200 acres with a 
production of more than 2100 metric Ions of algae. Tliese grow very rjuickly on bundles 
of bamboo stalks and are gathered from January to March.# They are dried in packets 
and make various dishes 
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others (Laminariaceae, Piioaceae, Zoaterae). The deep water Fucus 
arc most suitable the extraction of potaslj. In Prance, Norway 
and in the United Kingdom 350,000 metric tons w(‘rt‘ collected in 
1916, and 175 tons ot iodine, 7000 tons of j>otassic salts and 15,000 
tons of lixiviated residues were obtained from this quantity. Accoidinj*' 
to Gloesp, by employing): more rational methods of extiaetiim, tJu*se 
figures might be considerably’ increased. In a fresh state, thest* Fums' 
contain 4 % of potash (a proportion corres])ondii)n to 25 % in dry 
Fucus) which can be extracted by etnoreseemM‘ and lixiviation, w hie.h en- 
ables a crude salt containing 63 % of potassic eliloride, corresponding to 
41 %«<^f potash, to be obtained. By eliminating only th(‘ iodidiss and 
bromides, by lixiviation with pure water oj- with acidulated water, a 
hiimo-potassic nitrogenous fertiliser is obtained as residue. da])an also 
produces large quantities of iodine and potassrc salts derived from 
seaw^eed . 

The kinds of algae chietly used in Japan for extraction of iodine 
and of potash salts, es]>ecially chlorates, an* : Laminaria sp., Eclclo- 
nia cava, FJ. hicycUs and Sargassnm S])]). 

Seaw^eed has been used tlirectly as fertilisi‘r from early times along 
the coasts of Great Biitain, and serve to add to t in* soil ])otash, 
nitrogen and organic matter of a kind that (‘asily decomposes. The 
following percentages of the fertilising element s ])resent in some kinds 
of seaweed common round the shores of t he British Isles refer to dry 
matt er : 



Potash 

XitroRi‘11 

i'hosplioric iu’id 

FuCAIIs H}) . .... 

... f) 8S 

2 2") 

0 (>(l 

F. n ra)i(nd(i!> .... 

;i so 

I 2r. 

0 0.1 

F iiodofivtf ... 

... 1 7:1 

2 (10 

0 :i2 

Lnrnithann sp . . 

0 s 1 

2 r)7 

0 SO 

Furu,s St rrntut< . . . 

:i 70 

2 :j:i 

O.O.'i 


On the coastal lands of Scotland they are spr(*ad on light soils in 
doses of 25 to 30 long tons or so per acn*. In Devon and (Jornwall for 
manuring potatoes or Heshy roots seaweed is us(‘d which has been 
made to ferment by mixing with sand. 

According to certain (‘xperiment s in manuring made in Prance (1). 
by using Fucus directly for mariuring potato(*s it aj)peared that 12,800 
kg. of Fne/us have the same value as fertiliser as 3500 kg. of stable 
manure, in respect of ])otash and nitrogen. It was also i)rf)ved that 
6000 kg. of this seaw^eed are equal to 200 kg. of mineral nitrogen and 
to 200 kg. of chloride of potassium. By sup])lementing organi(5 fer- 
tiliser with suiierphosphate a high production is obtained. 

This seems the right, place to give some brief information about two 
species belonging to the Naiadaceae, commonly but incon ectly called 
seaweed : Fosidonia oceanica (see fig. 27) and P. australis. 

(1) Vincent, L’Einploitdee Goejnema dana la culture dea pominoB de terre, in La Vie 
Agriaoh et RuraU, Vol, XXI, No. 41. Paris, 1022. 
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The first species abounds on some of the Italian beaches, especially 
in Sicily and is plentiful in Tripolitania, Cyren^aica, Tunisia, etc. It 
is used here and there directly as manure by letting it ferment either 
by itself in heaps, or else with farmyard manure. It also serves as 
litter or as packing material. In a green state, it is sometimes used 
as food for livestock and, during the war, that use was recommended 
(see p. ) : in fact at1.emj)t8 were made to utilise the large banks which 
occur in Tripolitania, where, according to Tuotteti, “ this species 
forms at certain places (as at fUisceifa for examjdc*) such (mormous 
deposits as to constitute a m^w resource for the region it imi)roved 
methods of utilisation were adopted”. A move was made in this 
direction by a group formed at liome immediately after the war with 
the object of obtaining fiom the Ministry of the (/olonies the right of 
exploiting the large banks of Posidonia oceanica in Tripolitania. 

I was chargeiL by this group to investigate^. wh(‘.ther it was possible 
to make use of this plant, (‘sp(‘cially in view of iodine extraction and 
I^roduction of fibre for xiaper-making. 

The extraction of iodine was worth careful study, all the more so 
as the exx^erimentalist-s who previously dealt with this [)lant had not 
taken count, of the (|ueslion of ioilin(‘, which is exlra.e.ted from seaweed 
in Scotland, Ireland, France, Norway and Japan. 

Having ^analysed a sample of Posidonia w hicli liad been sent) to 
me from Tri})oli, I obt ained the following results, for air dried material 


Crude ash 23.80 % 

Iodine in the ash (Carnot’s method) 0.0181 % 

that is to say that : 

1 ton of ash contains 181 gm. of iodine 


100 i^arts of air dried seaweed contain . 0.0002G » of iodine 

EvidentJy the quantity of iodine which could be exlraci^ed was so 
small that there was no n^ason to x^roeeed further in the matter. It 
should also be remarked that this xdant x^roved difficult to burn and 
that various laboratory contrivances had to b(‘ brought into action 
before it could be completely incinerated (1). 

As to the use of this x^lant for obtaining fibre (fig. 68) for xJai^er 
making, I was unable to make the necessary research, but its very x)oor 
combustibility rather goes to x>i'nve the contrary ; however in this 
connection it is well to recall the results of researches made by I. 
Bead and H. G. Smith with Posidonia australis, a species very closely 
allied to P. oceanica. These twn experts studied this plant partic- 
ularly as regards the fibre, present in the leaves and the stalks. 

The plant is abundant on the coast of Western and South Aus- 
tralia, New South Wales, Tasmania and probably all round the Austral- 
ian Continent. It is calculated that the deposits in the south could 


(l) Seo also : Losana, L and Choce, P. E. UtUizzaziono di eoneri di pianto marine della 
Libia, in Ann. di Chim. Year VII, No. 1, Romo, 1023. 
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furnish 5,326,000 metric tons of fibre, which is purified by washing 
with nitric acid at 2 strength for several hours. But the fibre is 
short, coarse, irregular in length, wauling in flexibility and strength, 
80 that it is only fit for coarse textiles, mixed with wool and other fibres. 
It dyes well and is a bad conductor of heat, is resistant to chemical 
and bacterial agents. It might serve, for making paper it a process of 
separating the elementary fibres should be invented, for tliese. fibres 
closely resemble those of esparto. The filaments, which are, 10 to 17 



FUl 08 — i\IrtHsoR of Vosidonia occinitca fibrt*, 

ft’lkd and Irown uji by tlip lutioii of Iho wavis 

((bust of Maccausr^ Koiiic') 


cm. long, are very fragile. The clenientary fibres ar(^ only from 0.5 to 
1 mm. long. 

Krom a chemical standpoint, this fibre may be considcTcd as a 
lignocellulose strongly resistant to cellulose solvents. The crude 
fibre treated with chlorine furnishes 55 % of cellulose. 


When seaweed ash is treat(‘(l for the extraction of iodin(‘, fertilis- 
ing products are also obtained. 

As that industry cannot be dealt with here, only the products ob- 
tained and their chief uses will be indicated : 
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Products obtained Uses 

r 

1) InRoliiblo matter in the ash Bottle glass 

2) Sulphate of i)otash Fertiliser 

3) Chloride aiul ear))ona.te of sodium. . . Soda industry 

4) Chloride of potassium ........ Fertiliser 

5) Sulphur Various 

G) Iodine Medicine, Chemistry 

7) Sulphate of manganese (3) Fertiliser. 


2. Straw. 

Generally this is reluse containing little fertilising matter. The 
straw of leguminous idants contains more nitrogen than that of other 
plants. 

Several kinds of straw are used as food for livestock, hut this 
is not the i)lace. to discuss such use. 

Straw will be considered here first as used for litter or fermented 
by itself or with dung and carried later to the land. But that use is 
so well known that there is no need to say more ab(ml- it. A patent 
process may however be mentioned for the treatment of straw and 
other vc'getable mattcu* with the object of emx)loying them as fertili- 
sers : this will b(‘ deseribed in the next chapter. Ll(‘re it may simply 
be noted that dung is of great value to the soil and that straw is of 
great importance in promoting its action as in decomposing it sets ui> 
favourable conditions in the soil for the multi jdi cation and function- 
ing of valuahle micro-organisms. It would however be very useful 
to return all straw not used for feed back to the soil to su])ply it with the 
essential organic^ matcuial. 

In the chapter treating of straw as food for livestock statistical 
data were given regarding the world’s production of the straws of 
the princii)al cereals, and the total quantities of nutritive elements 
contaitKHl in them were calculated. Now, using the same figures of 
total production, the fertilising value of the straw is redue.ed to that of 
farm -yard manure and calculated by taking as basis the fei^tilising 
element occurring in smallest quantity, nam(dy phosphoric anhydride. 
We know that the composition of farmyard manure is very variable (2) ; 
we may allow as average composition : nitrogen 4 to 5 per 1000 
— phosphoric anhydride 2 to 3 per 1000 — potash 5 iier 1000. 
These fertilising elements are derived from the litter and from the 
excreta and occur in a more assimilable condition in the excreta ; as 
however it is here merely a question of the straw, that is to say of the 
litter alone, its fertilising value as farmyard manure may be indicated 

(1) This IS obtHinod by treating tJio iodic solution witli sulphuric acid and dioxide of 

manganese. On the other hand it is not formed when the chlorine process or the phosphoric 
acid process is applied ,, 

(2) Cf. Bhuttini, a , I Cojicirni, Casalmonferrato, 1912, p. 114. 
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by selecting a lower average content of i)hosplioric acid than tliat 
mentioned above ; fof this reason the basis taken is the i)roportion 
of 1,5 per 1000 of phosplioric acid and for the average composition 
of straw the data from Wolff’s tables are taken. 

Quantity of fertilising elements contained in straw 
and the corresponding farmyard mafiure. 


Cr{#B 

Tot.al straw 
for N and S 
Hemispheres 

Averages of 
1904-1919 

Phosphoric 

acid 


iiictrir tons 

metric tons 

Wheat . 

2]fi,9(i7,702 

477,329 

(0.22 v:.) 

Rye . . . 

76,151,6] 4 

187,879 
(0.25 %) 

Barley . . 

6:i.:i33,784 

120,334 
(0 19 %) 

Oats . . . 

112,622,080 

316,312 

(0.28 

Maize . 

188,887,476 

717,772 

(0.38 

Rice . . . 

110,049.896 

286,130 
(0.26 <%) 

Totals . 

767 , 012,561 

2 , 104,786 


J'\iriiiyar(l 


Total 

Pi»tasli 

manure 

i correspoiiiliug 

Nitrogen 


' to the 



T'hdsplioric acid 

metric tons 

metric t(»ii8 

, metric Ions 

1,041 4 46 

1,366,896 

1 3,182.193 

(0 4 8 %) 

(0 63 %) 


300,606 

64 6,3f)4 

' l,2r>2,r.96 

(0.40%) 

(0 86 

! 

405,336 

677,672 

i 802,228 

(0 64 %) 



630,683 

1,835,740 

2,102,271) 

(0 56 %} 

(1 03 

j 

906,660 

3.097,754 

4,785.149 

(0 48 %) 

(i 04%,) 

1 

1 

924,419 

1 76,080 

1,907,531 

(0 84 %) 

(0.16%) 


4,209,150 

7,800,446 

1 14,031,976 


The farmyard manure 
of straw indicated above 
would be mucli increased 
by using the straw merely 
as litter, but w^e must 
consider directly the total 
figure found by the stati- 
stics, which, needless to say, 
is correct as regards value 
but imaginary in its ap- 
plication. 

Let us take this straw 
as reduced, alone or in 
composts, by fermentation 
until its weight per cubic 
m. is 400 kg., that is to 
say, the same as that of 
fresh stable manure with 
plenty of straw. We •may 
assume that for an average 


which can be obtained with llie amount 
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Fio. 69. — Graphic repropeiitaf.iori of “ ccrcFil straw 
produced aiinmilly in the world and of tlie cor- 
responding “ straw -manure Faille = Straw — 
Filmier — Manure 
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manurinfj 30 ni. tons of such manure per hectare are necessary (giving 
45 kg. of nitrogen) and we are then able tof state the number of 
hectares wliich could be manured if all the streW of the cereals 
produced in the world was used, after maceration, as manure. 


14,031.976 m. tons 
30 in tons 


= 467,732 hectares 
(1,155,749 acres). 


3. — Straw directly converted into fertiliser (1). 

« 

Artificial farmyard manure. — The. considerable extension of 
cereal cultivation in the belJigerent countri(‘s during the war resulted 
in large supplies of straw in (‘xcess of the usual requisements. 
This fact suggested to Messrs. IT. 11. IIittctttnson and E. IT. Eiohards 
the idea of trying to convert it into farm manure, in view also of the 
short suj)])lies of this for ordinary manuring. Experiments were 
made on this subject at the ExiuTimental Station of Itothamsted, 
with funds provid(‘d by the Food Production Depaitnumt, from wliich 
it was jHissibleto deduce a patented metJiod (Pritisli x)alt iit No. 152387). 

As a matt(‘r of facl, we do not e.onsider as very approjiriate the 
name “ Artilielal Farmyard Manure” given to straw treated by that 
method, for liithert/O it has always been understood by farmyard ma- 
nure tlie complex manure resulting from the mixture, more or less 
fermented, of the litt<T of animals with their solid and liquid excreta. 
We think that the name “ straw-manure ” would be more a|)j)roi)riate, 

Although the so-called “ artilicial farmyard manure ” closely 
resembles stable manure in its jihysical i)rox)erties, it nevertheless 
dilfers from it e<onsiderably in its chemical properties, for si able ma- 
nure contains, besides nitrogen, apineciable quantities of phosphoric 
acid and potash derived from foods. 

In ordinary farmyard manure the nitrogen causing decomposition 
of the straw is supplied exclusively by the urine since the faeces hx 
nitrogen more readily than they part with it. Moreover, any nit-rogen 
from the faeces is readily subject to loss not preventible by the nume- 
rous means recommended for the purpose ; the means suggested by 
Eussell and Hutchinson consists in greatly increasing the amount 
of litter, so that it can absorb and retain the ammoniacal products 
generated by the decomposition of this nitrogen. 

To obtain good decomposition of the straw to be converted into 
farmyard manure it requires : — 1) the presence of the air necessary 
to the life of aerobic bacteria, such as Spirochaeia cytophaga, etc., 
which cause the decomposition of the cellulose ; 2) a suitable tempera- 
ture, which is ordinarily produced by the effect of fermentation ; 

(1) Cf.: 1) H B HuToniNsoN and E. H. RicnATins, Artificial Farm Manure, in The 
Journal of the Mini>^iry of Agricalturc. Vol. XXVIIT, No. 5, London, 1021 — 2) E. H. 
Richards and M G. Weokks, Tlio liiatitufco of Civil Eiij,dneor9, in Engineering Conference 
1921, Sect IT, “ Straw Fillers for SowQge Purification ”, London, 1921, 



FEBT1LI8EIIS 


223 


3) the presence of soluble nitrogenous compounds in suitable quan- 
tity, either absolutelyt or in i)roportion to the mass. 

The decomposition of the straw is more active in x)resenco of 
directly or indirectly assimilable nitrogenous comx)ounds aiul in pn;- 
sence of a neutral or slightly alkaline reaction. As useful nitrog(*nous 
compounds may be mentione^l : urine, urea, carbonate of ammonia, 
peptones, etc. 

The maximum concentration of the solution of these nitrogenous 
compounds should be sensibly less than that of tlie weakest undiluted 
urine, so that a thoroughly decojui)osed farmyard manure cannot be 
obtained by using urine alone, without entailing considerabh* losses. 

In the decomposition of straws three phases occur : 1. th(‘- straw, 
super-saturated wiih nitroge]i, loses nitrogen ; 2. the straw, containing 
the right quantity of nitrogen, decomposes witlioiit apx)reciable loss 
of that ehunent ; 3. the straw, which (*ontains a small (|uantity of 
nitrogen, fixes it, owing mainly to bacterial activity, until it reaches 
the final inoportion, 2 % of the dry matt(‘r. Generally tin*, nitrogen 
is fixed in an organic form. 

The quantity of nitrogen n^quired for a(div(^ decomposition of 
the straw and the quantity of nitJ*ogen which the*- straw can fix in an 
ammoniacal stale are identical and only vary betwi^en 0.70 and 0.75 
per 100 of dry straw. 

The most suitable substances for sni)i)lying the nit rogen required 
for an active decom})osition of the straw to be converled bito “ arti- 
ficial farmyard manure ” aie urea and caiboTiat(‘ of ammonia, but they 
are too exx)ensive, and they are xu’ofitably rex)laced by cyanarnide of 
calcium or sulj)hat(‘ of ammonia. The fornuu* contains. th(‘ lime I'equircd 
for neutralizing any acid compound formed during fermentation, while 
either lime or ])owdered limest.one or lime refuse from soapworks must 
be added if suli»hate of ammonia is used. Generally 37.5 kg of sul]>hate 
of ammonia and 50 kg of finely powdered limestone are enough to set 
ux) fermentation of 1000 kg. of stniAv. 

The. main obstacle to this conversion is the slowness with which 
the straw absorbs the nee.(‘ssary moisture. When receptacles are avail- 
able, the straw can be left in them for 2 to 4 days, but when the 
straw has to be treated in heai)s on the ground, it is no use throwing 
large quantities of water on it •, it is better to sprinkle it moderately 
every 48 hours, as far as requii'cd so that the straw becomes moist to 
the middle of the heaps. The substance intended to sux)l)ly nitrogen 
for the active fermentation is then applied, either by means of a solu- 
tion if the substance is soluble or by superficial powdering if it is 
insoluble (cyanarnide), followed by watering to ensure its penetrating 
into the interior of the heap. 

Straw intern ior sewage 'purification, — This x^^ocess forms x^ti-rt of 
that which has just been described and in a manner depends on it. 

On the average of the nitrogen in sewage is formed of ammonia 
compounds derived frqrn urine. Owing to the great dilution of the 
ammonia no method had been suggested for recovering this nitrogen. 
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In well managed purification installations, much of the ammonia is 
nitrified, but gets lost in the sea, while part of +he nitrogen returns in 
the air in the elementary state. 

The quoted above writers have shown, by experiments made 
at Kothamsted, that very dilute ammonia in sewage can be utilised 
as fertiliser by means of a straw filter. , 

In the laboratory experiments, it was seen that by causing a 
solution of (;art>onat(*. of ammonia of equal density to that of sewage 
(namely 1 jiart of nitrogcm per 10,000 parts of water) to pass through 
straw, to the extent of 250 gallons per cubic yard of straw per day, 
5 % of the nitrogen which passed through the filter was retained the / 
first day, and that this amount increased up to the 20th day, when the! 
efiliient water contained only 1 % of nitrogen so that 99 % of it^ 
remained on th(^ filter. At that moment the filter was saturated with 
nitrogen. Another filter of wheat straw retained up 1o 8G % of the 
nitrogen contained in the ammoniacal solution. 

Whim sewages was filtered, the filter retained 72 % of its nitrogen. 

Wh(‘n the straw used as filter is nunoved and heapeil up, it con- 
tinues to fcuinent, much improving its physical nature as substitute 
for farmyard manure. 

As regards the fixation of nitrogen in the straw filters by the 
constant, passage of the sewage water, t.ln^ filters gave the best results 
afl(‘T 20 days passage. The utility of making a filter with sections, 
in which t he straw from one section was constantly passed on to 
the n(*xt, so that, the sewage w^ater always encountered fresh straw 
in commencing its iiassage and that of the most active section when 
ending it, was rec.ognised. It was also recognised that 3 sections 
sufficed, and to avoid moving the straw with forks from one section 
to the next, a special arrangement of the bottoms of the receptacles 
was ado])ted. 

Witii a recejitacle of 9G0 gallon caiiacity, G5 % of the nitrogen 
was recoA^eriMl from the sewage Avater. 

The following are some results of analyses : 


Sewage water 


Effluent water 


Ammomaciil nitrogon in 100,000 parts , . 
Nitrogen in tlic ncUiiral straw ... . . . . . 
’ > >> straw removed from the filter 

*’ ” this .straw after 6 monta 


I>t92«/o I 10.19% 

0 50 1 

1 H2 I 

2 00 1 — 


For fixing the whole of the nitrogen in the sewage of an inhabited 
centre, 2 lbs of straw per day per inhabitant are required. 

The straw can be reidaced by sawdust and other vegetable 
refuse. 
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4. — Sawdust and Wood shavings (1). 

This refuse is loo poor in nitrogen to be used directly as fertiliser, 
but it can be used as litter, owing to its considerable powtu' of absorb- 
tion. The sawdust of wood rich in tannin, as that of oak, chestnut, 
etc., may be injurious to plants unless it has first uiul(‘rgonc thorough 
fermentation which causes it to lose its aciility. 

When the sawdust and shavings cannot be us(^d for industrial 
uses (as, for example, for the manufacture of nilTocellulose during 
the wsfV), it is best to use them as fuel or for the production of poor 
gas, and to use the ash as fertiliser. This ash contains on the average 
6,73 % of potash. 


5. — Various vegetable offals and residues (2). 

Dead leaves. — In the first part of this work iiiention has 
been made of the measures taken in Germany during t.he war to 
procure enormous quantities of dead leaves. Their utilisation as fertili- 
ser is here briefly described. By dead leaves are meant) those which 
fall from trees, mostly in autumn, and are often used as Litter, 
especially when (as happened during the war and is still the case at 
present) it is not convenient to use the straw of cereals for that pur- 
pose owing to their liigh cost. When dead leaves are not wanted 
as litter they can be taken directly to the dung heap to incaease its 
mass, or else they can be incorxiorated with conqiosts. If the 
distance to be covered makes their transport diflicult, they can be 
heaped uj), burnt and the ashes used, biit in this case the nitrogen 
and organic matter are lost. 

Besides the dead leaves which fall from the trees those which fall 
naturally from numerous herbaceous plants before the harvest, or 
which after turning yellow fall when harvesting is in i)rogress and 
are generally left on the ground, may also be considered. 

Such is the case of the lower leaves of the tobacco plant:, turnii>s, 
mangolds, cabbages, wheat, oats, barley, etc. 

According to Muntz and Girard the quantity of leaves of c(‘rtain 
plants falling, on the average, on a hectare (2.6 acres) are : Wheat 
3760 lbs — Oats 3750 lbs. — Rape 2200 lbs. — Poppy 3750 lbs. 
The withered stalks of potatoes unfit for fodder restore to the soil 
about 22 lbs. of nitrogen and 4 lbs. of i)otash per acre. One ton of 
mangold leaves restores to the soil : nitrogen 8.4 lbs. — phosi)horic 
acid 5.5 lbs. — potash 23.7 lbs. — lime 8.4 lbs. — The fallen 
leaves of vines restore i)er acre about 21 lbs. of nitrogen, 4.5 lbs. of 
l>hosphoric acid, 7 lbs, of ijotash and 63 lbs. of lime. 

(1) Cf.: 1) P. Razotjs, op cit. — 2) Gimimoham, O. T., m The Journal of the Board 
of Agriculture. Vol, XXII, No. 2. London, 1915. 

(2) CX A. Bruttini, op. cit , p. 21 and foil. 
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Ferns and other tmodland plants. — Tlie cliief of plants^ 

is iho Bra(;k(*Ti foni {PUris aquilina) which coiiliiins consirlcrable 
quantifies oi' nitrogen and potash amlisoflen iiscmI aslitt(‘r, esjx^caallj’^ 
in stables in the inonntains. It can also be mixed directly with 
the farmyard manure. 

Amon^’ oilier plants of the woods which can b(' used similarly 
to the IV.rn are the Ileal h (Erica vulgaris) and the Broom (Cj/lisus 
scopariiis) (Fi^ji*. 70). 

On(‘ ton ol' dried f(‘m (contains about, 24.Gk^. of nitrofXiui and 
18.6 k^. of potash. 

According!: to WoLi'i*’ these thr(*e plants contain jier 100 jiarts : — 
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According to a paper by E. F. Scitutt (1) bracken fern analysed 
at tjhe Aj^assiz Agricultural Station (British Columbia) contained : 
— moisture 6.09 % — ash 7.84 % — nitrogen 1.84 % — phos- 
phoric acid 0.68 % — potash 2.75 % — In the ash, potash may 
reach 50 %. 

Dried ferns rapidly lose their ])ot.ash : when transport of the ferns 
themseh es is not practicable, the ash will serve as a medium. 

Stalks oj herbaceous plants. — We include here Avoody stalks 
or those containing substances injurious for animals which cannot 
be used as fodder, as for example, stalks of maize, tobacco, sun- 
flower, Jerusalem artichoke, rape, lupine, sesamum, withered leaves 
of potatoes, etc. 

(1) C/f Scnuri, F, E., in The Agricultural Gazette of CanUda, Vol. VI, No. 4. Ottawa, 
1919. 
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They are used as litter, or els(* they are ])laeod to ferineTil in 
heaps which are wati^red frequently with urine or liquid manure. 

Pricldy Pear Slabs, — The joint iiii^s of the ju’iekly ixs'ir have be<ui 
used for along time in Sicily to manure the laud aiidtokeej) it eool 
in summer: they are roughly sliced or bruised Avith stones and tlien 
buried round the trunks of oVive or citrus-fruit tree's, or in the* beds 
where vegetables are grown. They tlnis mak(' a special summer 
green manure, rather tlian a fertiliser. 

Btuso (1) howevcT observes that their use does md suit, a soil 
poor in lime because' the acidity ol the juice' oi the slabs makt's the' 
plant s*se) maiiureel liable to eddoreisis 

In Siedly t^lie residual proelueds ed‘ the* prickly pear are* put ein the* 
manure' heap or le*ft tee 

make memlel een t he sx)ot 

Marsh pfanis. — 

These' are large'ly use'el, 
espe*eaally in the Pisa 
eaeiiuti-y, unel(*r t he name* 
of “ falasco 11 is 
a mixture' eef se'elge's, 
rushes, galiugale, nnu'sh 
reeels and either paliielal 
speedes, whie'h are* e'ut 
when fullgro\Mi in sum- 
mer, and usee I e luring 
the* ye'ar a-s litt.er. 

Owing to the'ir st.riic- 
t ure, t-he'se* jdauts abseirb 
urine* lo a smalle*r exte'iit 
than the straw eif ce*- 
reals, but have* the* 
aelvaiitage eif bringing 
into the' farm from 

outside*, tertilising mat- nuNci: 

te% ami matter which 

woidel e)tlie*rwise euily be iiseel pae'king material e»r lor making 
seats of chairs, mats, e‘lc. 

Ace'-oreling to Prof. F. SiosTJJvr, “ falase'o earn tains — iiitreigcn 
0.893 % — i)hos[)hm’ic anhydriele ().U79 % — potash 0.850 % — 
chloride of sodium 1.344 % — iuele't.e'rminate* matte*!-. 

P»y the metlmel suggested by A. O. UiANDi: eif Aae hen, weeels 
are reeinced to comme*rclal fe'itilise'r in t he billowing maune*r : — he'ap- 
ing and fermentation of the* phiiits until the'y are* redue',e*el to pulp, 
rnouleling this pul]) int.o briquedtes ami their rajiiel drying, hnally 
gi’inding. The preiduct so eibtained contains, ace-ording to the* kind 
of plant, from 5 to 9 % of nitrogen (U). 



(1) 8. Uiuso, T1 fico tVIftilia in Sicilia. Pdleiino, KSTll, p 170. 

(2) Kor.iiicii, dr Th , op cii , p. 104, 
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Cakes. — Among these residues in the extraction of oil from seeds, 
there are some which, not being suitable fot feeding livestock, are 
used as fertilisers. Obviously, spoilt feeding cake which cannot 
be fed t-o stock can be used as manure. But as the cake is gen- 
erally mouldy in this case, it should not be directly applied to the 
soil ; it is better to mix it first with farmyard manure or to incorporate 
it in composts. 

Cakes unfit for feeding livestock are those of castor-oil, bitter 
almonds, belladonna, mustard, camellina, etc. They are all rich 
in nitrogen (4 to 7 %) and also contain considerable quantities of 
phosphoric acid and potash. Owing to the residual oil which they j 
always contain they tend to go mouldy and, if applied in that\ 
condition to the soil, they may injure young plants. This is why 
they are usetl in the manner indicated above, or else they are spread 
in advance, before sowing, so that they may have time to decompose. 

To facilitate their decomposition, especially in comi)act soils, 
they may be mixed with quicklime after being thoroughly 

gT’Ound. 

In the United States cotton cake is one of the fertilisers most 
used for adding nitrogen to the soil. In the dry slate this residue 
contains 5 to 8 % of assimilable nitrogen and small quantities of phos- 
phoric acid and of potash. 

It is used especially in the Southern States where 325,000 tons 
were used in 1914 by manufacturers of fertilisers, besides a consider- 
able quantity used direct by farmers. 

The amount of cake to apply per acre varies, of course, according 
to the kind : as a rule from 324 to 405 kg. per acre are used but as much 
as kg. 800 to 1 m. ton may be used for the most exacting crops. 

Plickly seed-cases oj chestnuis. — In places where the chestnut 
tree covers large areas these seed -cases of the chestnut can be collect- 
ed in considerable quantities. They can be used by themselves 
but it is bett er to mix them first in t he dung heap, or else, if transport 
is difficult they are burned and the ashes are used. 

Em'pty pine cones. — Tlu^sc are the cones of the kStone pine 
(Finns pinea) which in certain regions forms extensive forests as for 
example near Pisa, but the cones, with seed or empty, of other coni- 
ferous trees should also be included among them. 

Generally they are used for fuel, as they burn very well ; their 
ashes, therefore, may suitably be used for manuring. 

Residues of starch factories. — These are the pulp of potatoes 
remaining after the extraction of the starch, or else the residues of 
seeds of cereals after the starch has been extracted from them. 

When these residues are fresh (and it is always desirable to have 
them fresh) they are used as food for livestock, but they deteriorate 
very quickly, and are then used for manuring. They are very watery, 
which makes their transport to a distance difficult. According to 
Wolff, they contain : — moisture 80.6 % — nitrogen 0.13 % — 
phosphoric acid 0.05 % — potash 0.03 %. Tl»ey are consequently a 
I)oor fertiliser. 
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Apple pomace. — This also is used as manure, specially in mix- 
ture with farmyard 03 poultry yard manure. It' it is desired to use 
it directly it\hould be mixed with calcareous earth or witli (piick- 
lime in moderation to neutralise its acidity and to facilitate the de- 
composition of the ligneous matter. 

Used tea leaves. — As the, Brilisli army ])roduced about 000 Ions 
of used tea leaves a month, the Mililary Administration thought 
that they might be used for the extraction of catl'eine ; but tlu^y had 
to report that it was profitless. 

The best way of making use of this material is to put it in com- 
posts fl). 

Cotton refuse. — The waste of the S])inning factories. It is a rather 
poor fertiliser, containing 1 to 1.5 % of nitrogen aiul 0.4 to 0.5 % 
of i)hosphori(‘. acid. Its most advantageous use is as absorbent mat- 
erial for human excretu. It is also suitable for mixing with farmyard 
manure or for incor])oration with cornjiosts (2). 

Cocoa pods. — Can be used as fiuMiliser in (|uantiti(\s of 890 kg. 
per acre with 133 kg. of basic slag or superphosphate and 45 kg. 
of chloj'ide of potassium. 

Dust and residues of tobacco. — If the habit of taking snuff was 
as common today as iti was in the past, ther(‘ would be no reason to 
consider as a residue the tobacco dust which is obtained by sifting 
the cut rolls of tobacco for consumption, but at [iresent, (‘sp(‘(‘ially 
in warm countries, snulT is not used. Thus, for example, in the 
Island of Tteunion (3) large (pianlities of tobacc/O dust had accumul- 
ated in the storehouses. 

At the instance of A. Batiau this residiui has b(‘en tri(‘d as 
fertiliser for sugar-cane with very griait success. Tcdiacco |)owder 
was placed at the bottom of the trench at the tim(‘ of planting, 
between the cuttings. 

The following is the composition of this residue according to an 
analysis made Jtiy M. Garola : — % rnoistui e 11.2, ash 19.2, or- 
ganic matter 69.6, nitrogen 2.72, potash 3.52, phosphoric acid 0.99, 
sulphuric acid 0.72, nicotine 0.96. This x^i’oduct may be considered 
also as an in8(*cticide, at least for grey worms, slugs and 
snails. 

The principal advantage of this matter as fertiliscT is that al- 
though its nitrogen is non-nitritiable, and its phosphoric and sulphuric 
acids are negligible, it supplies jiotash at a much small (‘r cost tlian 
that of salts purchased (at Ei6union) last year. 

A second advantage is that, mixed with nitrate, suliihate of 
ammonia and pLosphated manures, it i^rovidcs more bulky nourish- 

(1) Koll.kh, dr. Th., op cit , p 845 

(2) From laformation reuenvod from 1 July 1917 to 30 June 1918 from 506 cotloii millH 
in sixteen States of the U. S. A it appears that two thirds of the cottonseed meal jb used 
na feed and one third as fertihaor For the period imluuited the quantity Hold aa fertiliser 
was 444,530 tons (short) over and above the total quantitv of inoal and that of cake produced 
was 1,610,617 tons. Cf. United States Dept, o/ Aj/r., Bull No. 797, WaHhini^ton, 1919. 

(3) Cl Revue Agricole dc Vile de la Riunion^ No. 10, St. Denis, 1921. 
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morl to iljo roots of tljo canes Ilian pinches of fertiliser often confined 
to a sinj^le i^oint at the ftait of the cane shoots. ^ 

Besides the powd(‘r, the stalks, midribs of the leaves and other 
residues nnsnitahh* for nianiifacture are used. Tn the stalks the 
nitroj^en varies belween 2 and 3 %, of which nitric 

state. The phosjihoj’ic acid varies between 0.5 and 1 % and the 
potash between 5 and 10 %"(1). 

It has been notieiMl that, t he ]m*])aration of tobacco extracts and 
the extraction of nicotine from residues involves the loss of consider- 
able quantities of fertilising? material which pass in solution into 
the water which is esscuitial for such extraction in all the dtfferentj 
methods of manufacture recommendcMi. It is advisable however to recalb 
that tobacco t.akes from the soil considerable' quantities of potash i 
(more than 40 kj?. an acre*), of nil.ioj?('n (more than 20 kj?. an acre), 
and of j)hoS])horic acid (2.H3 kj?. an acre), so that it, is always an advant- 
af?c to re'store these rc'sidues to the soil entire. 

As soon as tlu* nicotines is extractc'd from solution by nu'ans 
of alcohol 01 - ethers, it secuns iiossible that tiu' residue wtiicli has been 
already concentrated by certain ]u*oc.esses ( e . g . tin* Scuiloesing) 
couhl be ad<le,d t,o the solid jiart with the water draiiu'd off and dried 
by artiliiaal or sun heat, and then the whole usc'd as an orji-anic potas- 
sium nitrogenous manure'. 

When this is not. possible*, e'sjie'eMally not eeumemiie'ally possible, 
it might be peissible to make* use^ eif these fertilising substances by 
placing ttie sediel residues on the manure heap e)r on tla* se)il heaps, 
and the liquiel resielues of the extraetion e)f the alkaloid might be used, 
on farms in the neughbe)urhooei e)f the factory, either to soak the 
mass of the manure, eu’ to e*.ombine with the e)e)zings, or te) soak the 
moulds (2). 

(1) L. L Van Slyke, Fcrl ilrzor.s and rroi)^ New York, Ornii^e Jiukl Co , 1919, p 286 

(2) Tlio Itiiliiiii Tobacfo Admiiii.stration has ]iiit on tlio iriurltot a short tiino oro, at 
L. 30 a l)ag of 10 k^ , Ntetthnoutt nmducs of tobacco, made of iiiorsols and rourKO powder 
ol ICentueky tobacco, iiii.sintahle for coii.sump(i(Ui nud soalced with tobacc() extract 

TJiomo roHidues accordmjj: Jo the Admiiiislrat ion have a power of deatrovioK inKCcts Jittle 
short of that of extract of tobacco at 6 % (Ulex), and an insecticide can be jircparod from 
them on llie farm by treatinj^ witli hot water (4 to f» vol of water to one volume of powder) 
for 8 to 10 hours 

The liquid is filtered through cloth adding cold water and squeezing the solid residuoa 
nil the tune. The.so latter may bo used as a fertiliser, hut it is not of much value, as the 
process descrilied has taken nil tlio goodness out of them The solution easily spoils and 
should ho made each day. 

It remuiiiH to be seen whether fanners intending to make use of the inseclicide pro- 
perty of tobacco will not prefer the convenient use of the concentrated extract to that 
of those residues which require a special treatment 

In the Cnitod States from 1917 onwards there was manufactured a nicotine insecticide 
powder, called “ Nicodust ” or “ Nicosulphur It is obtained by mixing the powder of tobacco 
rosiducs reinforced by the addition of “ Ulack Leaf 40 ”, or concentrated extract with 40 % 
of sulphate of nicotine, with a suitable excipient, such as sulphur, kaolin, slaked or quick 
lime, carbonate of calcium, chalk, ground up fossils, talc, etc. The mixture is dried and 
reduced to a very fine powder which is dusted on to the plants attacked by insects. To in- 
crease its effect nearly all spraying materials and insecticide powders mix well with it (Cfr. 
R. E. Smith. The preparation of Nicotine Dust as an Insecticide. ^ Co f?. of Agr., Agr Exper. 
Stat. Berkeley, Cal., Bull. No. 336, Nov, 1921). 
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Grain damaged by fire. — The Texas Apfrieuliiiral Experiment 
Station trie(h as a fertiliser j^rain taken from an elc^A^alor that hail 
caught lire was tlierefore lire and water damaged (1). This 

grain was steeped and used in sueJi quantity as to add 0.1 gm. of 
nitrogen to every^ kg. of earth. It api)e{irs that tliis nitrogen had 
little value as a l^tilis(*r. 


6. — Residues of sugar refineries (2). 

Jawirr.v and root-collars. — TTsed as fertiliser and as foragi* (see j). f 02) 
E\ery 50 tons of beetroot i)rodueed give almost 25 tons of leaves ami 
collars containing about 270 kg. of potash, 97 kg. of 78 kg. 

of magnesia, 08 kg. of phosphoric aciil and 95 kg. of nitrogen. 

Root washings. — Contain c^arth, small ]»i(a'.es of I’oots arnl mat- 
ter in solution. Can be used for irrigation, but if thiu'i^ are ri^gula- 
tions which recpiire them to be, puritied, they should then be collt‘Cted 
in r(*ce])tacles and tnnited with ])erehloride of iron and tlum with 
slaked lime. A calcareous mud is thus obtained rich in fertilising 
matter. 17.1 kg. of pcTcldoride and 215 litres jf slaked lime should 
be used per 1000 hi. of I he rootwashings. 

Beet pulp. — Thes(* are the immediate nssidiies ol)taini‘d from 
the extractors after lemoving the sugar from tin* slices which con- 
tain it. Th(‘y are mainly used as food for livestock (se(‘ p. 103), 
crth(*r fresh or dried, but when they are alTected by putrid fernumta- 
tion th(*y are sometimes used as inanuns 

Eiiti it. should be noted that, even when well comprisssed, they 
always contain a large amount of moisture which makes their trans- 
port to a distance uneconomical, all the more so as thdr fertilising 
value is very small. Their most suitable use as manure consists 
in making composts, father than direct, ap])lication. 

^^cums from earbonaiation. — These are in the form of c.akea 
obtained by pressing the calcium carbonate which is precipitated 
in the state of organic combination with the impurities of the su- 
gary juice when there is added to it for that purpose* milk of lime in 
the proportion of 2.5 to 3 % of CaO. 

During i)re(*ipitation by the lime, pectic matter, coagulated al- 
buminoids and phos])horic acid are also scum, 

the linn*, occurs as (;arbonatc and also partly in a free state. 

The chemical composition of the scums resulting from t he manu- 
facture of beet sugar varies round the following percentage figures: 


(1) G. S. FBArs. Availability of Some Nitrog. ami Pbosph Material, Texan AtjHc Exper. 

Stat. No. 2S7, Urazos County, Texas, Jan. 1022 

(2) Cf : 1) 1. Fhitsch, op. cit — 2) A. Buuttint, op cit. — 3) C. Foiimenti, Uenidui 
agricolif Milan, Hoepli. — 4) W. E. Onosa, Lon suhproduci oh dt laindustrin azucarcraf Buenos 
Aires, 1917. — 6) Journal of the Society of Chermcal Induntry, Vol. XXXV, No.s. U and 8, 
1910 and Vol. XXXVI, No. 7, 1917 London. — «) P. Razouh, op cil — 7) De Sohnay, 
in Cnjnptca rendua de VAcad^mie d' Agriculture dr France, Vol. V, No. 28, Pans, 1919. — 
8) STOHMANN-HuMPLKR-NEm. Mauuale per la fabbricazione dello ziioehero. Un Tip Ed Tor., 
Torino, 1902. 
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nitrogen 0,3 to 0.8 — phosphoric acid 8.8 to 1.5 — potash 0.1 to 
0.5 — lime 15 to 30 — magnesia 0.8 to 1.5 0Iuntz and Girard), 
For cane sugar factories the nitrogen reaches 2 % of i^he dry mat- 
erial, phosphoric acid is found chiefly in the form of a soluble citrate, 
organic matter is as much as 50 to 70 %. From a series of 7 analy- 
ses of this residue, reported by W. E. jCuoss, we take the following 
averages ; phosphoric acid — nitrogen 2.08. 

This residue is collected in filter presses in the form of cakes of 
lime which when washed do not contain more than 0.6 % of sugar. 
They represent 12 to 14 % of the weight of the beets and about four 
times as much of the quick lime employed. This is a very gori-d lime 
fertiliser and nitrifying agent and it is convenient to use it on land 
near the factories as transport to a distance is not economical. It 
is dusted on dry and usually in the summer. The dose is usually 6 
to 8 tons per acre or more, especially on clay soils and it is suitable 
for plants after weeding or for leguminous forage crops. It e>an also 
be put with comjiost. 

Diffusion liquors. — These are liquids which are obtained by se- 
paration of the crystallisable sugars and of the molasses ; they contain 
considerable quantities of nitrogen and ])otash, mosily as nitrates. 
They are used dirc^ctly for irrigation, but often they are evaporated to 
40-45° Baum6, to crystallise out these salts, whicli are used as fer- 
tiliser (1). 

Waste liquids and sediment in the separators. — By a x>a^tent of 
E. Herzka of Arecibo, Porto Eico, these liquids are concentrated to 55° 
Brix and treated with sulphuric acid added in quantity equivalent 
to the total amount of lime and alkalis contained in the liquid ; super- 
phosphate's, animal refuse, sawdust are then added and the whole is 
dried. 

In this kind of operation the inosti imx)ort-ant^ item is naturally 
the cost of concentration of the liquid. In hot climates (cane sugar 
factories) evaporation can be eflected in the ojien air in large basins, 
but in ternpe^rate climates (beet, sugar factories) this is not feasible. 

The calcareous sediments of the separators are used for manu- 
ring like the scums. They contain, on the average : — jnoisture 
48.56 % — nitrogen 0.16 % — lime 22.53 % — potash 0.02 % 
— I^hosphoric acid 0.50-1 %. 

Sediment remains in the filter-press in the luoiiortion of about 
4 kg. per kg. of lime used. Almost 10 kg. of sediment in obtained 
from 100 kg. of beetroot. These sediments are used in comiiosts, or 
dried in the air and then pulverised for scattering broadcast (2). 

Animal charcoal. — This is bone charcoal rendered inactive by 
repeated use and thus valueless for sugar refining. It is well known 
that bone charcoal placed in contact with a syrup containing impure 

(1) Cf. Alt.en Rogers. Industrial Chemistry. D. Van Nostrand Co., N. Y., 1921^ 

p. 890. 

(2) In certain places of British India the refuse of indigo vats is used as a manure ; this 
contains 4.20 % of soluble mineral matter with 1.84 % nitrogen, 0.36 % phosphoric acid> 
0,28% potash Cf, Dept, of Agric Madras, Vol. Ill, Bull. No. 65*. Madras, 1912, 
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sugar, that is to say as it comes from the sugar factory, fixes the 
colouring mg^ter andiother matter in the sugary solution so that the 
sugar can be\>ro(luce(l in perfectly white crystals. 

The use of^one charcoal as fertiliser is of long standing (Payen, 
1820) cspecially^^ land near the refineries. It contains 40 to 05 % 
of tricalcic i)hospmit.e and llx to 2 % of nitrogen. It is consequently 
a good phospho-nitrogenoiis fertiliser, bul*, owing to t he state of (combin- 
ation of its phosphoric acid, its action is much slower than that- of 
basic slag and still slower than that of supeiphosj)hat-es. Its action 
may be facilitated by placing it. in lu^aps wdiich are made to ferimuit. 

It* is spn^ad in autumn in the ju’opoi tion of 250 to 300 kg.; 
an acre. 

According to Sorel, the scum which is formed when animal char- 
coal is added to the coloiued syrup (contains moistur(‘ 35 to 38 % 
— tricalcic phosphate 50 to 60 % — nitrogiui %. It^ is a good fer- 
tiliser, especially for i) 0 ()r acid soils. 

Molafises, — Considering the high cost of sugar, and consequently 
of molasses, and the fact that sea and land trans]Ku4 an* once more 
possible, as tlu^y were not during the ww, it app(‘ars lhal the most 
rational use of molasses is for feeding livestock. Nev(‘ith(*l(\ss, some 
methods of using molass(‘S as fertilis(u‘ w(‘r(‘ inv(‘stigat)ed ami r(*com- 
mended during the war and will be lu're described. 

Experiments made at the Laboratory of Agricultural Pesearch 
at Port-St-Louis (Martini (pie) have shown that) molasses (can Ix^ conven- 
iently used (cither by mixing the.m with farmyard manur(‘ or with de- 
fecation residues and aslucs so as to form a compost called “ mccharo- 
gene ”, or else by spreading them in the trencluVs in sugar-cane plant- 
ations or between the liiuis. With sucJi procedure an imcreasicd yield 
of from 5 to 10 % has Ixxm obtained. 

A f(Ttiliser has be(cn made in Germany wdth the residues of molasses 
by Wilkening’s method and a production of 350,000 tons of it a y(car 
was counted on. This method consists in mixing the molasses with 
peat dust and inoculating with Azotohavter wliich d(Xc()mpo8(cs t-luc be- 
tain and causes the mass to lose its viscosity. The fermenticd product 
contains about 26 % of nmisture, 3.75 % of nitrogen, 9.75 % of potash 
and 46 % of humus, and can be very advantageously (cnricdied in phos- 
phoric acid by superphosiihat.e. Manuring t est s with t his fert.iliH('r 
have given good results. According to the method of W. V. Thomhon, 
Liverj)Ool, the molasses refuse is concentxaticd in a “ triple aelion ” to 
44° B, and 30 to 60 % of its weight of bone irnul, or mineral jihosphate, 
or guano is added. The mixture is treated with sulphuric acid at about 
66° B. and a fertiliser containing siiljihat e of potash, soluble phosphate 
and nitrogenous matter is obtained. By the pat ent of S. W. Sinsheimek 
of Swink (Colorado, U. S.) the liquid obtained by separating the sugar 
from the molasses, is heated to about 100*^ C to jirecipitate the (calcium 
saccharate, then filtered. The filtrate is treated with combustion 
gas containing carbonic acid, which precipitates the lime as carbonate. 
It is filtered and the filtrate is concentrated at low temperature, under 
reduced pressure. It is used as a nitrogenous potassic fertiliser. 
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Cane-trash and residues of sugar cane. — The residues of sugar caue 
factories can be used as litter and thus be directly tramformed into 
fertilisers. When fresh tliey contain perceptible quan tales of sugar 
and can be used as feed, but they acidify (piickly an(’ are no longer 
suitable. li‘ they were peeled their composition wo.vid be similar to 
that of oat-straw, but this is not an gjKTalion that pays. Nor do 
they leml themsdves io buri;d, as then there is nothing to be done 
but to u.S(^ tb(un as fertiliser, fermented as they are. 


7. — Brewery residues (1) 

Brewers' grains. — Gem'rally t hese are used for feeding cattle, but 
as they <lt‘teriorate easily, they may be used as fertilisin' if th(‘y are not 
tit for food. Th(‘y do not readily deeom])ose in tlui soil, so it is better 
not to apply them by tlunnselves, but in composts after fermentation. 
They are always very moist whieli prevents their transport to a great 
distance. They contain, on the average : — moisture 77 % — nitro- 
gen 0.8 % — phosphoric acid 0.5 % — potash, trac(‘s. The average 
quantity to apply is from (> to H tons per acre. 

Barky sprouts (dried malt). — Th(‘se an^ the germs which have 
sprouted from tin* grain and sw(‘lled during germination. Tlu^y are 
generally used as food for livestock, but. if they det(‘riorate good fer- 
tiliser can be made of them, after reducing them to i)owder, containing 
on the average : — nitrogen 4 to 5 % — phosphoric anhydride 1 to 
% — pota.sh 2 to 2.5 %. 

To j)ulverise them th(‘y may be treated with hot. water for some 
hours and aftei'w^ards wratered wit.h boiling wat(‘r acidulated with sul- 
j)huric acid (10 kg. of commercial acid per 500 kg. of dried malt). To 
get 1 hi. of these germs 20 hi. of barley has to b(‘ brewed. The aver- 
age amount to a})ply is from 300 to 400 kg. an acre. They are 
scattered broadcast. 

Kcgarding their fertilising power, it slioidd be remembercll that 
13-14 kg. of drieil malt replace 100 kg. of farm manure. 

Hop residues. — These are the hop cones from which the lupul- 
ine has been removed in the process of heating with the mash, 

Th('y are sometimes used directly as fertiliser in light soils, but 
it is bett er io make compost of them in the pro])ortion of 40 kg. per 
40 kg. of earth mixed wit h 10 kg. of kainit e + 10 kg. of basic slag. 
The iieax^ is watered from time to time with liquid nianuie or urine 
and it is covered with 10 cm. of earth. The hoi) residue contains 
on the average : — nitrogen 0.56 to 0.87 % — phosphoric anhyrlride 
0.15 % — potash 0.02 % — lime 0.16 % — magnesia 0.04 %. It is 
therefore a fertiliser of little value. 

Among brewery refuse there may be mentioned the water in which 


(1) Cf. A. BflUTTINI, op. Clt. 
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the harley is steeped, which is poor in fertilising mutter, but eiin be 
used for irri^tin^ tht"»iiioadows near tlu^ brewery (1). 

The exhaled yeast dried, treated with s\ilphiiri(‘ acid, and after 
neutralisation \dth liiTje, the mass is used as fertiliser. 


8. — Distillery residues ( 2 ). 


V masses, or pomace — This nanu' is ^i veil to r(‘sidii(‘s from whitih 
the algoliol has been extracted by distillation. Tliere an* llierefon* 
“ vinasses ” oi beet, potatoes, molasses, and lirain. Tfu* second is 
the least ri(di in fertilising elements: — ('onsistinji' of iion-saeeharified 
starch, dextrine, pectic ami proteic matti'r, a little su^ar, minei'al 
matter, elements of yeast. 

The “ vinasses ” of molasses, which constitute an imi>ortant source 
of xu'oduction of ])()lassic salts, should lx* sp(*cially mentioned : evaporat - 
ed in a I’onioN oven, they yi(‘ld the crude salt; from Avhich the iiotash 
salts are extracted by relininfj. 

It is danp:erous to us(* the acid “ vinasses ” of be(‘t (sulphuric and 
or^yanic acids) for feediiiji;’ livestock. Th(‘y may lx* sfiread on the 
land n(*ar I he factory by means of ^'ntt(*rs, if it does not cost too 
much to lix them. Any other method of transport is c(*rtainly too 
expensive. 

The “ vinasses ” of molasses containinf? about JO % of potassium 
saltiS (suli)hate, nitrate, chloride, etc.) are concentrat(*d to obtain the 
salts which are used dinxdly as fertiliser or whicJi are relined. Tn this 
process the nitrogen is unfortunately eliininal(‘d by combustion. 

The sediment of the salts mixed with Ihe dregs of ike vai is then 
made into cake for manure, containing % : — nitrogen 3-5 ™ 
potash 2 - phosphoric acid 2, 

According to Wolff, the “vinasses ” of molasses contain on the 
average in the dry matter : — nitrog(*n 3.2 % — potash 9.5 % — phos- 
phoric. anhydride 0.1 %. Tt is therefore a good potassic and nitrogenous 
fertiliser. For crops sown in spring, these “ vinasses ” should be 
sjiread in winter. 

By Koller’s method, defecation lime is mixed with the. “ vinasses ” 
of molasses in such proportion as to g(‘t a pulp which is dried on a band 
drier. The fertilise]- thus obtained contain all elem(*nts lequired by 
sugar beet. 

According to the process of the “ Pecekeer Zuckerrafliinerie ” at 
Pecek, nitrogen, principally as ammonia and ammonia(‘.a] salts, can be 
obtained from concentrated “ vinasses ’’of f(*rmenled molasses by dry 
distillation, not over 600^0, and continuous stirring of the mass. 


(1) In British India nso is rnaclo nometirnoH for im^atin^' siij^ar caiio tlio wator from 

rice mills which contains a lar^o pioportion of nitrogen (X.Ol) sohihle phosphates (0 4 ®/oo^ 

and potash (1.3®/oo)- Agnc. Madras, Vol III, Bull,, No 05. Madras, 1912. 

(2) Cf. ; 1) I. Fhitsoh,* op. cit, — 2) MUntz and Gihaiid, op. eit , v 1 — :i) Journal 
of ihe Society of Chemical Industry^ Vol. XXXVI, No 16. London, 1917, 



236 


FAET II. 


The utilization of virgin “ vinasses ” depends on the cost of 
transport ; on the other hand, concentrated “ viMasses ” ^'e so viscous 
that is impracticable to employ them. The only suitavWle way is to 
convert them into a pulverulent fertiliser. According co Muntz and 
Girard the chemical composition of various “ vinas es ” is as follows, 
in grammes per litre : — , 



" Vinasses ” 
of niolasBCB 

‘VInasspH *’ 
of groin 

‘ VinoBHes 
of beet 

“ Vimvrtses ’’ 
of potatoes 

“ VinaSBeB " 
of Jerusalem 
artichokes 

Nitrogen ... 

1 f) -- 3.0 

2.6 1 

0 7 - 2 0 1 

1.6 - 

2 6 

1.20 

PhoHj)horH' acid . 

0 1 0.2 I 

2 6 - 4.6 1 

02 - OH' 

0.3 -- 

1.0 

' 0 02 

Potash 

1 H - 9.0 1 

2 (> I 

1.6 - .3 0 

2 6 

3.6 

2.87 


I 


In consequence of this comjxjsition th(^ “ vinass(‘s” arc generally 
considered as ])otassic fertilisers. 

By a G(Tman patent dated 5 June 1913, a non-hygroscopic 
fertiliser is obtained by h(‘ating “ vinasses ” with superphosphate at 
106-108“ C until the free bases present have combinecl with tlie phos- 
phoric acid and iint.il complete elimination of the moisture and organic 
acids is etl’eeted. 

The method patented by W. W. Hauohey of New York con- 
sists in : — Concentrating the “vinasses ”, t-hen drying them at about 
160“ F (G5“.5 C) and finally advancing the drying to 370“ F (187“.7 C) 
to render the fertiliser non-hygroscopic, without loss of nitrogen. 


9. — Grape residues (1). 

This is a fertiliser in common use after distillation, especially if 
it has been fermented. It is as rich in fertilising elements as far 
manure, with which it is often mixed, but the best way of making use 
of it is to make composts by mixing it. with quicklime (2 “/□) or basic 
slag (4 “/o), or else, if neither of these two ingredients are to be had, 
with calcareous earth + 2 % of sulphate of potash. It is heaped, 
watered with liquid manure or water and the heap covered with a 10 
cm. layer of earth ; this compost is turned over twice and is applied in 
spring. In place of farm liquid manure, an artificial liquid manure can 
be used, composed of : — water 1 hectolitre, quicklime 1 kg., sulphate 
of ammonia 2.6 kg. This is apiilied in the proportion of 30 litres per 
cubic metre. If t his liquid is to be applied to grape residues not com- 
pletely exhausted, it. should be made with twice as much water and then 
applied in double quantity. Fermentation rapidly becomes active 
and, after about 20 days, the heap is unmade and then remade again 
as in the case of the composts. 


(1) Ct. : 1) A. Bruttini, op. cit. — 2) MCntz and Girard* op. cit. — 3) Roos, L. in 
Le Progres Agri('ale el Viticole, No. 44. Montpellier, 1914. 
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This fertiliser is applied to vines in quantities of 3 kg. per vine ; 
it is snitablAfor all sftils. 

The chemcal composition of grape residues is naturally variable. 

AccordingH^j Wolff, it is, on the average, as follows : — moisture 
65 % — ash 3.6 -phosphoric anhydride 0.46 % — potash 1.72 % 
— lime 0.4 % — ftiagiiesia 0J6 % soda 0.02 % — sulphiirie acid 
0.18 % — silicic acid 0.38 % — chlcu'ine 0.02 %. According to 
Mi'wrz and (Iirard the percentage of nitrogen varies between 1.11 
and 1.30 %. 

When the residues are fresh and still very acid, they can be neu- 
tralised with lime or calcareous road dust, but if Uwy arc* mixed with 
farm manure such neutralisation is not ncc(*ssary, for it is caused in the 
manure heap by the carbonate of ammonia. 


10. — Wine lees. 

Generally the lees dei) 08 ited by wine at the bedtom of casks are 
used for the extraction of cream of tartar ; on the other hand the lees 
of distilled wines are sometime^s used as fertiliser. In the dry matter 
of one of these lees, M. Chuard found : — nitrogen 3.9 % — phosphoric 
anhydride 0.8 % — potash 3.8 % To solidiiy these* lees and then to 
render them pulverulent, they are treated with lime until their acidity 
is neutralized ; this generally requires 1 part of lime to 12 or 15 parts 
of lees. Solidification is completed by adding x^f-at or mould to the 
extent of 20 to 25 %. The lime can be replacMMl by gyx)suni heated 
to powder. 


11. — Olive husks and dregs. 

Olive huslcs. — This properly means the base that appears in 
tlie new oil left to clear. It- is an oily substance resembling black 
mud, which is sejjarated from the oil by decantation (or when oil is 
taken ont of soai) by boiling), after either prociess it remains at the 
bottom as a carbonised mass. Its only nse is for burning or to be 
thrown on the manure heax). In the oil manufacturing business how- 
ever this term (Fr. : margined or marchiea, Ital. rnorchic) is also used to 
describe the waters of vegetation obtained by olive x)ressing, usually in 
a quantity two or three times more than the oil produced, or corres- 
ponding to 30 to 40 % of the weight of the olives. 

This water is often lost in the channels, after the*, separation of the 
oil, but when it is possible to use it as fertiliser close to the oil press 
that is very much the best way. There is present an acid solution of 
albuminoid and saline substances but in very small quantity relatively 
to the volume. It is necessary first to neutralise its acidity with lime 
or carbonate of calcium. It may even be used for watering calcareous 
soils. Prof. Sestini .advised neutralising the acidity in manure pits 
in which are layers of earth, lime and weeds. If these pits are made 
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round the trees, the advantages of irrigation and fertilising are combi- 
ned, particularly in localities wliere there is a shortage o/’ water. 

IMiNGiOLi (1) observes that under this substauce a lAsidue collects 
formed of small fragments of ])ulp and kernels whicb/tiave a distinct 
value as fertiliser it in its turn neutralised. On an^>erage it oonlains 

2.31 % of nitrogen and 0.05 of phosplioT-ic acid. 

The above jiieutioned r(*sidues of oilinaking being vauy i)oor in 
})hosphorie acid, it is advisable bcd'ore use to correct tliis by addition 
of a phos])halic iVrtiliser. 

From this liquor a residue can be ol)tain(*d (called salino in Italian) 
fairly rich in ])otauSli. According to an analysis ma«l(‘ by Prof . T. Se- j 
STiisi the lees of olive-husks (‘.oiitain: — substances soluble in water 
13.57 % — alkaline chlorides 1.57 % — oxide of iron 1.31 % — 
oxide ot cal(*inm 0.50 % — oxide of magnesium 0.12 % — car- 
bonic acid 1.87 % — matter insoluble in walx'r 1.05 %. One heetoliire 
of olive-husks yidd 3 kg. to 3.5 kg. of asli. In Apulia (2), the 
olive busks yiehl over 3 kg. ot potassie .s(dino ]K‘r lieelobtn* the 
average coitjposition of wliich is as follows : — y>art solubl(‘ in water 

80.31 % — jiliosphoric anbydihle 8 % — carlionale ot [)otash 55.15% 
— carbonate of soda. 2.57 % — chloridi^ of potassium 21.89 % — 
moisture and uiKUdeiiiiined substauees 20.39 In a reliiUMl stale 
this salt contains 09 % ot c.aihonah* ot potash, 3.2 ol c.arboiiate ot 
soda and 27.27 % ot chloride ot j)o1assiuiii. 

(i. L’AnATFv ealcnlates that, estimating the aveuage prodiudion 
of oil in Italy at 1,000,000 hectolitres, a juoduction ot about 0 mil- 
lion heel ()litr(‘S of olive husks could bo counted on, whi(*h if utilised 
fully would yield 15,000 m. tons of saJino containing 7200 m. tons of 
potash. 

To give some idea of the quantity of potash wliieli might be ex- 
tracted from the olive* husks derived from eilivess grown in the juincipal 
Europe*an preulueing eoiuitrievs, the following average ligiire*s are epiot- 
eel (3) 

rroductiou of olives 

PiodufiiiK countries iu hi. tons 


Italy 1909-1920 
Spain 1903-1912 
Giwoe 1911-1918 
France* 1910-1918 


1,129,490 
1,053,980 
771,802 (4) 
63,232 


Total 3,018,564 


Estimating that the* olive husks re*p3‘e-,sent 36 % of the weight 
of the olives, this quantity of olives wonlel yiedd 1,056,497 m. tons. 


(1) MinoiolIj K Oleificio inodonio. Nuovn Enc. Agr It , P. VII 1 iirin, Uriione T^ip. 
Erl., 1901, p 157 

(2) e^f. E'M^vii^O^Ilprohli niadrUnpotasaaeVutihzzazionfidcllc morchiv in J tuha. Bun, 
0 lAvttvzn, oil , 19 IS. 

(.3) Cf iNTEHNATioNAn INSTITUTE OF AQttiruT.TUHE, Oleaj^lnous Producta. Rome', 1923. 
t4) Quantity culonlatpd on the average production of oil. 
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of olive husks 'which, according to the figures pr(‘vioiisly mentioned, 
would furnii^ 26,412 to. tons of salino containing 15,111 m. tons of 
potash. \ 

Prof. 1. oNfiELLl (1) ol Turin has siil)j(‘cttMl olive luisks to (!oneen- 
tration in the preSwice of sulpJuirie acid, with a vi(‘w to obtaining crys- 
tallisation of t-he su^ihate ol jxdash iornu*d, then the S(‘])aration of this 
salt and th(‘. absorjd ion of t he mot tier licjnid by ])oroii.s snbst aiic(‘s 
to form a complex manure containing organic nitrogen and pola-sJi 
salts: but In* was unable to obtain crystallisation of tin* sulphate ol 
potash. 

Apparently the best method of utilising olivt* husks as manure is 
that of STOLzr:Nur:U(i, whicli consists in concent ratijig them to a syru])y 
consistency, then adding superphos])hate io it and, vvh(‘u the mass 
becomes com])acl and dry, reducing it to a povv(b‘r and s])r<‘ading it 
on the ground as phos|)ho-potassic f<‘rtiliser (2). 

Dregs jrom olive crushing. — This is tin* r(\sidu(* that collecls at. 
the bottom oi tlie rece])t a<‘h*s intiO which tin* olivr* j‘(*sidii(*s diluted 
with whaler an* ])ass(‘d to sejiarate the ('.rnslu'd ])nli:> Iroin the stoiu'S : 
these are hrst deposit(*d, ajid then thesi* dregs nitfrehione '' in 
Italian). 

Naturally, no gr(*at tpiantity of this r(‘sidu(* is obtained, but it 
is suitable for use* in manuring tin* (due* tr<H‘s on land near the crush- 
ing mills. In an (‘vaniination which J madt* of the (h(*gs (d’ a ca iishing 
mill in Tuscuny (3), 1 obtained tin* followitig analytical results: — 


Vow posit ion oj sample of air dried dregs from olire crushing. 


Moistine at 15()o C 13.192 

(h’ude ash 23.918 

Organic*. matt(*j* (by deduction) .... 03.790 

Crude cellulose* 48.500 

Fats 0.i91 

Total Nitrog(*n O.OIT 

Absor])ent (ia])acity for moisture* .... 100.21 

Eeaction neutral. 


(]) 0/ I/Jtaha agncola. No ] 0, 1915 J’Juceiitiu. 

(2) From tlio Avators of vo^^otarioii or olivo IiiksKh d'uiftmu or mar\)irnt,) produced 

iri olivo ^r(»\vinjj: couiituca in hundreds of (-liouatnids of tons, a rn})ui furmontation (^ivcs a 
yield of about] 5 litres of rectified ethyl aleohol per ton, and from the residue of distillation 
is produced about 3 kg of aminonium siilphato .niid .3 kg. of phospborif acid and jiotaah 
salts. Tlie half solid residue after these extractions can bo distilled and gas and CHibon 
obtained from it It nui> be noted that this elaboration is not of eeonomic mtorost unless 
it is possible to deal with these waters of vegetation in largo cjuantdios (Jf U Dh. Man- 
JABtt£:s, Rev Vin y de Atjr , XLl, No. 1 Karagossa, 1922 

(3) Cf A Hruttini, SuMa composizione di uii Moiohiono dei fnilliu', in L' AyrivoUura 
Italiana, Year XIX, No 2f50. Florence, 1S93 
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Percentage composition of the cru^ ash. 


Chlorine ^b25 % 

Oxide of iron ^'^.318 

» » calcium / 11.462 

)) )) magnesium 0.170 

» )) potassium 0.399 

riiosx)horic anhydride 0.624 

Sulphuric » 0.670 

Silicic )) 69.686 

Carbonic » 6.728 

Undetermined matter and loss .... 2.229 


100.000 


Tt follows that 1 ton of dregs from olive crushing contains : — 


Phosphoric acid kg. 3.20 

Potash )) 0.92 

Nitrogen >> 9.47 


It is evidently a fertiliser poor in potash and phosphoric acid so 
that it should be supplemented by chemical manures. 

Before using it, it is indispensable to ferment it to render it more 
easily assimilable. If it has, as it may have, acid reaction, a little 
powdered lime should be mixed with it. 

From one ton of diluted residue, 200-250 kg. of moderately dry 
dregs are obtained. 

Olive oil residues (sanse) although more suited for use as feed 
(see p. 159) are also sometimes employed as a fertiliser, especially 
if they are at all spoiled or have been exhausted with carbon disulphide. 
They can be mixed with moulds or piled in heaps, or better in pits, 
mixing in a little carbonate of lime and watering with liquid manure. 
These moulds thus become enriched and maturing takes place which 
may go on for some months. The mass is kei)t damp all the time. To 
check loss of ammonia it is advisable to cover the mass with a layer of 
chalk to which has been added a solution of sulphuric acid (20 % acid). 
Later on the mass is broken up and the acid layer is removed or neu- 
tralised either by additions of carbonate of lime, or crushed phosphor- 
ites, and then it is mixed with the olive oil residues. 

The following is an analysis of olive oil residues according to Wolff: 
water 138, ash 27.8, nitrogen 9.6, phosphoric anhydride 2.6, 
potassium 7.8, lime 6.1. In the ash of the residue, with the ohve kernels 
removed, treated with sulphur, Prof. F. Braqpi found % phosphoric 
anhydride 3.82 ; potash 3.89, lime 12.27. 
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12. — Tomato residues. 

In preservedV^uato factories a lar^e quantity of rcsulu(‘ is obtaiiuMl, 
viz. : the seeds anc\he skins. These can be used res]K*etiv(‘ly for the 
extraction of oil and as food for livestock (see [>. 178). 

When, owin^ to the lar|Gfe (piantities available, lorifij distaiute Irans- 
port, deterioration by ferinentalion, etc., they cannot be so used, these 
residues may profitably be used lor manuring and, in this connection, 
the results of an analysis made by Dr. may be mentioned ; — 

moisture 7.47 % — nitrof^en 3.85 % — j>hosnhoric anhydride 1 .31 % 
— potash OM) % — ash 6.27 %. 


13. — Coffee grounds (1) 

Since coliee is for the most i)art used in small quant it i(‘s, then^ arc‘ 
no larjje stocks of this residue available. It is as a matter ol I’ac.t 
generally thrown into the household refuse. It is only in large cafes 
in poxmlous places that quantities of any importance can be liad. 

This residue is frequently used for manuring pot plants in rooms 
or garden [dants or small kitchen ganbuis. 

Isidore Pierrk found in airdried cotfee grounds: — nitrogtui 
1.85 % — phos}jhoric ac‘id 12 % or more. It is ihendore a gooil ])hos- 
pho-nitrogenous manure, but it has th(‘ drawl)a(k that it ofien attracts 
ants esi)ecially when sinead on tlie surface of tlu* soil. This dis- 
advantage may b(‘ obviated by burying it at once a1 a suilabh‘ (bqdh. 


14. — Tanning refuse (2). 

Besides s])eDt tan, the residues of th(‘ pits or vals aic obtained 
under the name of vat sediment. This a mixture of hair and lime arising 
from cleaning and iinhairing. One hundred skins yield about 150 kg. 
nf vat sediment which contains on the average 10.75 % of nitrogen 
and 36 % of moisture (Giraruin). 

The other tanning residues are the scrapings of hides and masses 
of hair, with 8.75 % of nitrogen. 

According to Messrs Muntz and Girard the m(‘anchemi(ral compo- 
sition of two samples of vat residu(*s was as follows : — Moisture 69.5 % 
— Lime 18.68 % — Mtrogen 0.76 % — Phosj)hori(^ acid 0.30 % — 
Potash, traces. 

(1) Cf. : 1 ) Mitntz anil CUraiiij, 07 ) fit , v. I — 2) A Miu tiini, oji i ii 

(2) Cf. ; 1)J FniTsfH, ojj fit — 2) P Kazous, op. fiC - 'i) A ItiirTTiNi, op fit. - - 

4) Kolleh, Dr. Th, op oil. — .''O Am kn Uoukrs. /^rarhrul Tmunntj. Loudon, J^ifk- 

wood Ai Sou, 1922. p 6 H 5 — (i) W att, A Leather manvfa( turv l.oudou, Cro-li\ Lock- 
wood & Sou, 1919, p. — 1) BENNKrr, H.Ci., Amninl Xou YoiK, D Van Xonlrand 

Oo., 1921, p, 26S. 


16 
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The. use of these residues is profitable if the transport charges 
are not too heavy. The following procedure faailitates th;i nitrification 
of their nitrogen : placing in heaps and drying, pulvermtion, or treat- 
ment with steam in autoclaves to obtain a magma y^iiitable for the 
manufacture of mixed fertilisers or composts which/are from time to 
time turned over and so pulverised. 

These residues, owing to the large propoition of lime which they 
contain, form a good calcareous fertiliser. There are still other tanning 
residues to be considered as fertiliser (they are actually used in England): 
the vmter in which the skins and utensils have been rinsed, the sweepings 
oj the workroom, small scrapings from the skins, run off into reeervoirs 
so as to mix with spent tan and earth which retains the ammonia. [ 

Spent tan. — This should be considered as matter capable o 
furnishing the soil with organic matter, but not^ as a fertiliser. The 
tannin which it may contain when fresh is injurious to vegetation and 
l)reliminary fermentation is necessary to <lestroy the tannin and reduce 
it 1-0 mould. The action of the tannin can be neutralised by mixing 
the sj)ent tan with farm manure, liquid manure, or urine all of wliich 
contain ammonia. The siient tan can also be treated with lime and a 
little slaughterhouse blood (Eodigas’ method). L1i i - then allowed to 
fernuuit for a y(‘ar and a half. 

Anothei' method (Dauveun^’s) consists in wat ering the spent tan 
2 or 3 times with a solution of sulphate of iron, and mixing thoroughly. 
It is Lu^xt- made t-o absorb faeces and, after a few months, the manure 
is fit for use. 

The heaps sho\ild remain as they stand for a year ; the spent tan can 
then b(‘ applied either to grass land, or in horticulture, mixed with the 
soil or as protective covering for seedlings and t ransplants or for hot-beds. 

It is prefcuable to apply it dry, s(iat.tere<l by hand or by machinery. 

According to Peteumann the ashes of spent- t-an contain : — phos- 
phoric acid insoluble in water, 0.01 % — potash 0.012 % — lime 
0.30 % — magnesia 0.015 %. When fresh the ])ercentage of nitrogen 
varies between 0.5 and 1 %. 

In (jermany and England, spent tan is also used for growing mush- 
rooms, saturated with urine and mixed with fresli dung pellets. 

Lastly there is the tanning refuse to be considered, obtained by 
cleaning the skins before placing them in contact with the tanning 
material. In a dry state they contain 6 to 7 % of nitrogen in a com- 
plex organic form and of very slow^ decomposition in the soil. The 
decomposition can be hastened by disintegrating them by st eam and lime. 

Glue is also made from them. 


15. — Retting water from flax and hemp. 

When retting is done in streams the substances eliminated by the wat- 
er are lost in the stream, often to the detriment of the fish. But when ret- 
ting is done in stagnant water (pools or tanks) this putrid water, in which 
microbes swarm, has a certain fertilising value if it used for irrigation. 
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The residues of scutching and breaking (scutched stems) form a 
good litter o\else maj^be carried directly to the dung heap. 

The quantitiei» of fertilising elements found in this matter, corres- 
ponding to lOJO kg. of flax stalks, are, according to Wolff, a,s foll- 
ows (1): 


Pofiiah 


PlioHiilioru 
Liino anhydride 


Kebtinc water 
Scutched steuiH . 


1) 175 4 MM) 

Z 050 


:i 0)0 
0 4 75 


16. - Papermaking residues. 

Ity these are meant th(‘ washings of Ihe cnid(‘ v(‘g(Mal)I(‘ matter 
and rags and the* muddy deposits iound in the n'cejitach^s wtiere these 
washings are doni*. In tliese air dried residues Petkrmann fouml (2) : 



No 1 

No 2 

Moisture* 

. . 13.92 

1.0)3 

Nitrogen 

. . 0.70 

0.17 

Pheisphoric anhydride* . . . 

. . 1.08 

0.11 

Potash 

, . 0.34 

0.49 

Lime 

. . 71.08 



According 1o L. Kek]v\s German ])atent, dated ,'i January 1914, 
the highly concentrated washings are mixed with an almost (*(jual 
([uantity of lossil meal (Kicselguhr), so as to get a powjhu' which can 
be spread. This mixture contains soluble salts of sodium, potassium, 
magnesium, aluminium, silicates, colloidal silicic acid, which arc con- 
tainetl in the imimre Kieselguhr, and also nitrogtmoiis matl-er. 

The reaction is more comx)letc if the mixture is made hot. Th(^ 
fertiliser tlius obtained is specially suitable for crops rich in silica, such 
as maize and otluu' cereals, grasses, forage i)lants, and v(‘ry suitable for 
peuty soils (3). 

When there are bisulphitic washings they can 1 m‘ mixed with 80- 
95 % of sand or dry earth, the mass is dried and jiulverised, then si)rink- 
led on the ground as a disinfectant, containing oils of wood tar ct^>. 

From a recent study of H. von Ffjlttzkn (4) on tin* employment 
of lime residues from the manufacture of cellulose* sulphat e as a fertil- 


(1) Cf MOntz Riul Gikakd, op cit , Vol. 1, p 542 

(2) Cf Muntz and Girard, op cifc., Vol I, p r):t4 

(3) Kollkr, Dr. Th , op cit , p. J05. 

(4) Cf. Kungl l^indthruk^- A kadrrnit a Handliru/ar och Vidskriff, Y»'nr 7J, N»j, 7 Stock- 
holm, 1922. 
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iscir, it appears that taking the carbonate of soda due to changes which 
occur in the organic compounds of soda of (bisulpKte) washing, 
and treating it with slaked lime, there are pre.cipitatedr carbonate of 
calcium, and a little calcium hydrate and calcium sulnf^te, and traces 
of sulphur compounds, bcsidi^s a little sodium hydrg^ and carbonate. 
For the 26 Swedish cellulose factories these residue/amount: to 165,500 
metric tons of lime. 

This lirm* whim used on lands uncbu- barley or mustard proves in- 
nocuous even in strong doses : it can be used with advantage on land 
situated near the factories after it has Iain in small heaps exposed to 
winter cold which reduces it to powder. , 


17. — Mill dusts and sweepings. 

A very eomph‘x mixture of mineral and organic*, matter, containing 
also variable quantities of weed seeds. Most of these seeds air liable 
to germinate, but if they are removeil, these residues can be used as 
manure, preferably by incoriimating them iu comjiosts. 

According to Mt ntz and Girard, these residues C(mtain : — 1 to 2% 
of nitrogen — 0.5 to 1 % of phosphoric acid — about 0.6 % of jiotash (1). 


18. — Fish offals (2). 

The value of these as manure is equivalent t-o that of slaught erhouse 
offals : they can only be used as manure. 

Fish offals are the heads, intestines, gills and tails of tish of 
various siz(*s. They art* utilised in several ways : — they are often 
thrown on the manure heap ; buried in dustheaps; mixed with human 
excrcnumts, or with quicklime (1 Id. jier 3 hi. of ofl’als) ; or composts 
are made of them. A more scientilic use is the manufacture of nitro- 
genous superphos])hates by mixing the offals with the mineral phos- 
phates liefore treatment with suliihuric acid. They may be treated 
like tish that has gone bad with boiling water, removing the od by skim- 
ming or by pressing ; the residting cake is tlien dried, ])ulverised and 
treated with a little sulphuric acid to make it more assimilable by jihos- 
phate of lime. 

We will explain in some detail t.he different methods of treatment 
of these residues (3); 

1. Burying causes loss of nitrogen, generates large quantities 
of flies, and makes a fetid smell. 

2. Sun drying results in pulverization, but there is a consid- 
erable loss of nitrogen. 

3. Formation of com})osts, where the residues in question take 

(1) Of. Mitntz aiul OfiiiAnu, op ciL, V'ol. I, p. 5,13. 

(2) Cf ; 1) J Fimst’ii, op. cit. — 2) A. BncrTTiNi, op, 

(3) F M.vurk, in L'Engrait). No 6 Puns, 1922. 



FEKTILISfCRS 


245 


three or four inontlia to mature. In Brittany seawecMl is aihled an<l a 
mould obtai&LHl conlailiinft’ 3 to 4 % of phosphates. 

" 4. By r ryinf^ after cooking a product is ohtaiu(*d richtu’ in fer- 

tilising principK'S it use is made of. steam. The oil is sei)arated hy pres- 
sure and tlie remainder dried in the store and pulverised. The po^vder 
thus obtained conWins 5 to f>.50 ^>1' nitrogen ami 35 to -15 % of 

phosphates. 

5. \^ ith the Loki^au jirocess the tish residiu‘s are jnit on grid- 
irons to drij) : the liquid is colleeted and eoiieimtrated at a low j)ressiire 
and yields a resi<lue with 1.5 to 3 % o! nitrogen. The parts rejiiaining 
on the^ridiron ar(‘ e-ooked over an ojam lire, dii(‘d on the ston* or in an 
oven and pulviTised. 

® 0. Aonmy guano is prejaired with resiiln(‘S cooked with steam 

under pressure and then dried and pulverised, it claims to have 5 
to 7.50 % nitrogen. 

7. Phospho-guano is (d)tained by treating the lish n^sidnes, 
deprived of oil and gelatine, with sulphuric acid. Thus a fertiliser is 
obt.ained with 7.5-9% ol‘ solubl(‘ nitrogen and 15-10% of phosjihoric acid. 

The “ r(\ssds ”, that, is to say the salt brought back by tlu* tisher- 
men from tlu* salting at sea, is somcLinu*s iisc^d as iertilis(*r. But 
it should be used in small (piantities, as it oftiui has injurious eri’e(‘ts. 

The herring residues, 1‘or example, may contain from 18 to 31 % 
of salt, whicdi can b(‘ removed by several washings with wat.ei' contain- 
ing a little lime. They are tlien dried. Accoiding to Bacsnoul, 
100 parts of the residue^ gives in this w^ay 31.78 jairts of the w^ashetl 
and dried matt(*r which contains: — nitrogen 1.09 % — ])hosphori(‘. 
anhydride 2.14 % — chloride of sodium 3.27 %. In th(‘ washings the. 
nitrogen in solution can be precipitated by tTvatmg it wdth perchloride 
of iron and lime. I’agwoul obtained a dry lesidue containing 2.8 % 
of nitrogen ; 300 kg. of herring residues thus yi(4d about 100 kg. of 

fertiliser rich in nitrogen and also in phosphoric acid. 

Fish manure made in the Loffoden islands from heiring olfals is 
obtained by drying thesi* offals, except- the lu'ads which are treated 
in S})ecial driers, in the air ; it contains 8.5 to 9 % of nitrogen and 15 
to 16 % of phosphoric acid. 

guano made from w hale-lishery offals is similar to lisJi 
manure. It contains u]) to 13.82 % of fat-s, which juobably retards 
the utilisation of the nitrogen. The Hesh of wdiah'S caught in tlie 
African seas is treativl for extraction of oil, then dried, first in tlx* sun 
and afterwards in rotating ovens heate<l with C(do* with a through 
draught of air. Then the tlesh containing only 10 % of water, is 
pulx)ed and put into bags and sold lo the South African fanners. 

The bones are also used to make whale guano and a luoduct 
with a very small j>erct‘ntage of fat. is obtained. 

In Brittany fishery offals are treat(Ml with sul])huric. acid at 53° B 
up to I/3 of the amount of dry matter, finally the whoh* is drie<l in the 
sun or in an autoclave. 

In Italy considerajble quantities are ])roduc(*d of a manure, called 
“ bagano ” in Sicily, comj)Osed of the offalS of flu* tonne re ” (depots 
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for fishinp and curing tunny-fiBli). According to Prof. CuGlNi’s 
analyBCS this manure contains: — nitrogen 3.72 tt) 4.28 % phosphoric 
anhydride 8.21 to 11.02 %. J 

Jn the United States, the following procedure VS followed (1) : — 

Tlie ollals from tlie tinning of salmon at Pi^et, Sound (Colum- 
bia Iiiv(*r territory), and in the south-east and west of Alaska, 
amount to 25-50 % of the original weiglit of the fish. The heads are 
the })orl.ions richest in oil and the eggs the richest in nitrogen. 

Tlie treatment used for converting these olfals into manure con- 
sists in: 1) cooking with steam in vertical cylinders; 2) ffabject-j 
ing the mass while still hot to hydraulic pressure^ ; 3) forming cakes 1 
which an* t.lu'n dried by steam. The matter so treated contains: — ' 
moisture 4 to 5 % — nitrogen 7.5 to 9.5 % — phosphoric anhydride 
5.5 to 12 % — oil 8 to 20 %. 

It is also lecommended as food for livestock. 

Tt has also been jirojiosed that the factories whieli treat the giant 
Beaw(HMls (“ keljis ’) of the Pacific coast should make a manure by 
mixing the tjeated seaweeds with these fish oilals. 

The iiufiortance of tlie jiroduction of tlies<* offals in the Pnited 
Stat(‘s is apjiarent from the* following ligures (2) : — 

TIk* average' jiroduction of fish during the 8 years 1910-1917 
was 500 million fish ; and the otTals collected in the* jireserving factories 
included 00,000 tons of “ seaajis ” (solid olfals) and 85,000 barrels of 
oil. The recon I was reached in 1903, when about one thousaml million 
fish were caught (called menhaden ”, Brrvoortia tyrannus). The 
“ scrajis ” contain on the average 8 % of nitrogen and as much 
phoH[»horic, anhydride'. Thenr total luoduction in 1910 was rather 
low : — 27,000 tons. 

Together* with these fish olfals, called also “fish guano”, may 
be ranked birds’ guano and bats’ guano. These residues of animal 
digestion exist, the forme*r in large* beds now to a great extent exhaust- 
ed, the latter in c.ave*rns in Sardinia, (-alabria, the Unitcfl States, Si)ain, 
Hungary, etc., but have not the industrial character which attae^hes 
to the i‘esidue*s suitable for inclusion in tliis work. 


19. — Slaughterhouse offals (3): 

Among these* resielues, blood e)ccupies an impeutant j)lace anel is 
use*d as fe*rtiliser eitlu*r fresh (mixe'd with e)ther organic manures or 
alone) e>r (*lse* e*oagulateMl with ferrie*. sulphate or quicklime*, or elried 

(1) (yf Thkrf.ntink, J M.. Ml U Drftt of Atfric , Bureau of Soih, Bulletin No 150, 
1015, No 2, lOri AViishmuton 

(2) Of : 1) (J S D(’}i of jli/rtc . Yairbook, Washington. 1017, p 25H — 2) The Modern 
Fertilise} , No lO PhiluLinlphia, 1922 

(3) ("f : 1) A MCNTZandA CIjrard. op rit. — 2)A Um tTiNi, op. cit. — 3)E. Poher, 

ftnil P U\75oa,s, Lt's t t soiis-produits d'ubnltoirs vi de bouchcrie. Paris, Dunnd, 190S, 
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and pulverised. Coagulation is etTected also in iron vessels with steam 
applied belo\\. The cda^jiilum is sepanited from the serum by filterinj^ 
under pressure and is then dried by suitable apparatus. The elotted 
mass obtained is pulverised and ba^rged. The yield in dry blood is 
according to Mat tel 17 % of this liquid, but- it viiri(‘s according to 
the kind of animai;^state of preservation, rapidity of coagulation etc. 

Dried blood keeps pending use in ^well closed reeeptables, but 
under the influence of air and inoist.ui*e it undergoes putrid fermenta- 
tion causing loss of nitrogen. It is a goo<l supy^lenumtary nitrogenous 
fertiliser containing on the average^: nitrogcui lO-lS % — j)hosi)horic 
anhyd^de 0.5-1. 5 % — potash 0.0-0. 8 % — moisture %. 

Dried horse blood is the richest in nitrogen, a ])er(cntage of 14., SO; 
that of sheep and cattle are of nearly the same richness, /. e. i:i.25 
and 13.70 % respectively. 

Its aedion in the soil is v(uy quick, because its nitrogen nitrilies 
readily. It is a})plied preferably in damp weatluT, in the proportion 
of 120 to 320 kg. per acre. 

Gut refuse is matter <diminated froju she(‘ps’-gidi wlum strings for 
musical instruments or small transmission belts are made. It is a semi- 
fluid substance which is tirst coagulated and disinfected with sulphuric 
acid. An easily decoui})osed fertiliser is obtained ironi it (Containing, 
according to Mvistz and Gitiart) : — moisture 89 % — mineral matter 
0.83 %, — nitrogen 1.51 %. 

The meat used as manure is from the carrion oi animals that have 
died or been slaughtered on account, of disease. During th(‘ war es- 
pecially in Germany, eonsidcTabh* labour was s})ent on car(‘,as(‘s of 
killed horses with the object of gcdling hid(*s, fat, bones and meat 
j)Owder. This has been described in tin* Ihirt I (see [). 19, 30, 35). 

For drying the Ht^rlin PASSiUTim apparatus was used, which 
works in the following manner: — st(^rilisation in autoclave, crushing 
betw(H‘n rollers to break the bones, (*te., grinding and conveyance by 
means of a vacuum pump into a vacuum, and eoni})l(dion of drying in 
a dri(‘r (1). 

An old method of using the carrion of dead animals, dangerous to 
health, consisted in burying it at tlu* root^ of fruit 1 r(*(‘s op (*lse, in the 
case of small animals, placing it in the dunghea]). Somelimes lim(‘ was 
used but even this means did not (mtirely criminate grave daiigc^r of 
infection, especially of anthrax. 

In some large slaughterhouses, nmat untit for (‘onsiimjit ion is 
treated with steam in an autoclave for 12 to 11 hours. At the end of 
that tini(‘ 3 layers are formed in the apparatus : — the uj)per layer form- 
ed of fat utilisable for soap-making or as lubricant ; tin* mi(ldh‘ layer 
composed of gelatine dissolved in water ; the low(‘r layer formed of a 

— 4) Koli.eii, Dr. Tii., €)p rat - f») H, Maiitei., Vfndnstrit de V K*ii4aTri*>Hay(‘ I'nrin, 
H. Diinod et E. Pinat, 1912, — rt) Davis D. T. The modem VaolHny Hovhv. ChicH^o, 
Nickerson and Colliria Co., 1021, p. 201. — 7) Utilviation das D^hris den Animfiny, 

Paris, Ch Amat, 1914, p 27. — 8) Municipal Kngineerinrf ond the Sonilnrij Record, liOndon, 
1922, No. J700. , 

(1) Roller, Dr. Th, op. cit. 
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mixture oi‘ blood and meat ; this is drieci, by adding soinetimes from 10 
to 20 % of sulphuric acid, and then pulverised.# This m^Titer contains 
8 to 14 % of nitrogcui, 1.5 to 2 % of phosphojic acid and 8 to 9 % 
of moisture. / 

In the process inviuited by A. (tIrard, the carij^ is treated with 
sul])huric aci<l at 00*’ 11, cold or hot, in lead veij^els ; after 24 to 48 
hours it- is converted into a jhick pulp while the fa+ collects on the 
sui'i'ace. This ])nlp, still strongly acid, is then used in the manufacture 
of nitrogenous sujierphosphate. 

Other similar systems arc*: — 1) lloiiciiKRTE’s system or treat- 
menl with hydrochloric* actid ; 2) that of trc‘atment with alkalis, cold 
and hot,. Another I'orm ol mc‘at iculilisc^.r was made, at least before 
t)he war, in c.onsidcTablc* (|uant,it-ies in the South American meaVc^x- 
trae-t iactories : (he boiled meat was dried, mixing it also with useless 
reiuse, and the whole* j)ulvcu‘ised. This mc*at ])ow(lc*r c*, ailed “ Fray- 
llc‘ntos guano ’ is also usc‘d with advantage, as has bc*en noted on p. 190, 
as food lor livc‘stoek. Ac'eording to Fktkrmann, it contains : — 
moist lire* 9, It) % — nitrogen 5.40 % — phosphoric* anhydride 10.88 % 
— i)otash 0.47 — lime* 20.00 % — sand 8.05 %. 

During the war there was more complete utilisa^on whc*thc^r of 
raw^ and cooked mc\it for human lood so that the* manufac*4,ure of this 
c'xtmct ha,(l to be* c,onsidc*rably dec*,reased. 

At, Kra,y~Hent,c)s a S[)ec*4al fertilise*!* was also made by trc*ating the 
meat ijowder with suljiliuric aend and saturating the* mass with lime. 
According to the mean ol 2 analyses made by Petkrmann, that fer- 
tilisc‘r c*.orit/ains • — moisture 9.04 % — nitrogen 8.82 % — phosphoric 
anydridc*, 18.84 % — potash 1.28 % — organic, iiiatt,c*r 49.72 % — 
minc‘ra,l mat ter 41.28 

Meat powder is a fairly cpiick-acting fertiliser, but a little slower 
than that of blood. It is generally ai)pliecl in autumn in the propor- 
tion ol from 120 to 400 kg. pc‘r acre*. 

In Norway the flesh of sc*als and whales is treated in the above 
way and is sold undc*r the namc^s ol '' sc*al guano” and “whale 
guano”. According to L. Mac^adam, the latter contains: — mois- 
ture* 5.0 — nitrogen 7.0'% — ]diosphat,es 29.7 %' — c*a7‘bonate 

of lime 12 %. Whe^re the consumjdion of rabbits is fairly large there 
are considc*rable cpianlities of rcd’use c*.om])C)sed princ*ipally of the ears, 
scuts and paws. These residues contain 10-12 % of nitrogen and 
small quantities of ])hosphate. In England it is known commercially 
under the name oi rabbit ///c/r ; in 1918 it was cpioted at £6 a ton (1). 

The reaidual ivaters oj the slaughterhouffes and of tht' knaclcers* 
yards contain in suspension and dissolved consiclt*rable quantities of 
fertilising rna Iters but may spread gcu*ms of inlc*ction, c*.spc‘cially the 
w^atc*r J'rcmi the knackers’ yards. Thc‘sc* wators must not. therefore 
be dircHdly (lischargt*(l into watercoursc*s. 

Thc*ir c*liemical comj»ositic)n is very variable. For example the 
follo\Ning analysis ol BEZAn^T may be cpioted in milligrammes per 


(1) H .1 SpooM'ju, Woiiltli from Wanti*. Lomlon, CJ, Hoiitled^e <fe Hon.s, 1918, p. 227. 
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litre : matter in suRpension 4,000, fatty matters 1,200, dissolved matter 
5,150, mineral substances 430, dissolved orjranic material 4,770, 
nitrogen of ammonia in (salt or free) 07.3, albuminous nitrogen 

in 510. 

For the puri+;ying of these waters there are the following methods: 

1. Chemica!.^ treatment by suli)hnrie acid, pluuiol, quick lime, 
calcium chloride etc. : but this* cannot be fully relied on. 

2. C^oncentration by evai)oration, but the jnocess is costly. 

3. Sterilization by lu*at. 

4. Tr(‘atment wdth i)eat to absorb tlu* gas and fethl substances. 
After yds treatment a eonsi<lerable reduction is noticeable in the dry 
residue (c. g. from 500 to 15.4), of the total nitrogen, both tlu^ ammonia- 
caiy57 to 3) and the organic. Thus r(‘duc(Ml it kee])s ])ettej' than at 
first, without giving olT bad odours. 

Meanwhile tlie turf has acquired a by no means m‘gligible value as 
fertiliser : c. g. residue 57.6 ash 3.76 %, lime 0.10 %, potassium 
0.35 % [)hosi)horic acid 0.21 %, total nitrogen 4.2S. 


20. - Bones (1). 

Thes(* were used at one time pow'(h‘red as a direct j)hos])hate(l 
fertiliser, es])(‘cially in soils rich in humus wdien* their cdfeet) w^as more 
immediately obvious, but sin(*(^ theinvcmtion of the |)ro(‘(\ss of manufac- 
ture of super])hos])hates from bones and minerals and the utilisation 
of considerable quantities of basic slag from smelting, the din^cl use 
of bones may be said to hav<‘ come to an end almost (*verywiiere. 

During tlie w^ar, the bones from slaughterhouses, from tlie factories 
where horses killed in the w^ar w(^re dealt^ with, and from household 
refuse, were carefully collected, esjieclally in (huanany ; and it was 
thus possible, though only to a small degree, to sup])lement the lack 
of phosiihorites, which had to b(* imjiort.ed from over seas, for the 
production of siii)erj)hosphates. 

Fresli bones wddch have not. been subjected to any treatnunt con- 
tain on the averag(‘ : — jihoRjihoric anhydride 20 % — nitrogen 5.6 % 

— fats 6-12 % — (‘/arbonate of lime 4 %. To render these bones 
suita])le for the manufacture of superi>lios])hates, it is first of all neces- 
sary to deprive them of tluir fat, which serv(*s for soaj) making and as 
lubricant ; they still contain the nitrogenous matt(‘r or- ossein, and 
mineral compounds are fouml in them, on the average, in the follow- 
ing proportion : — moisture 6-10 % — })hosi)horic anhydride 20-30 % 

— potash 0.2-0. 3 % — lime 30-32 % — magnesia 1-1.5 %. 

When a farmer has a certain amount of bones at. his disposal 
he cannot do better than sell them to a superphosj)hat.e factory and 
purchase that fertiliser, nitrogenous if made from ))ones or non-nitro- 
genous if made from phosphorites, for his own land. 

A bone residue produced in considerabh^ quantities in button, 


(1) Of. A Uritttini, op cit 
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comb, etc., factories is hone raspings, which may contain up to 54 % 
of tricalcic phospliate and 3.2 % of nitrogen. • / 

Bone ash, the mineral residue from the calcination of bones, is 
produced in considerable quantities in South AmericA. It contains 
about *1^ of phosj)hate of lime and is used for the ma^^ufactu^e of super- 
phosphates, like ])li()si)horites. In conclusion, it noted that at the 
present time farmers very sehlom use bones directly as manure, because 
they sell them to manufacdiircMs of glue and bone superphosphate. 
This subject thus j)r()perly belongs to that of chemical manures. 


21. ~ Animal glue and lard residues (1). 

Nitrogtuious fertilisers, containing 3 to 4 % oT nitrogen formed by 
the cutaneous, or tendinous parts, debris of muscles, etc. 

They can b(‘ used by mixing them intimately with 25 % of sul- 
phuric acid ati 52^ 11. The pul]) is then mixed with earth, plaster, ^ 
animal charcoal, et(5. 

Th(‘se are ratluu' slow-acting fertilistus, not v(‘ry easy to apply 
if t hey contain much moist, un*, l)ut tln^y may be rendered (Iry by mix- 
ing them with dried peat, or with sawdust, wheat chalT, clay soil ; they 
may also ]j(‘ mixed with farm manure. 

According to Prof. P. Sesttnt's analyses, these r(‘sidues have the 
following i)(TC(‘ntage c.om])osition : — moistim* 46 — organic matter 
33.5 — mineral matter 20.5 — nitrogen 3.042 — phosphoric anhydride 
0.03. Senator N. PASSEurivi found — moisture 56.076 — soliil matter 
at 105° C 15.324 — organic and volatile matter 30.936 — crude mineral 
matter 14.388 — nitrogen 2.627 — phosphoru* anhydride 3.633 — 
lime 7.714. 

Th(‘ quantity to use per acre is from 200 to 280 kg. ; it- should be 
api)lie(l in aut umn. 

Residues similar to those just mentioned are those of lard or tallow 
or heej jat, etc., foi'ined by jnembranes or aponeuroses together with a 
little blood, fat- and s])linters of bone which are obtained as residue in 
the extraction of t-allow. 

According to Roi’ssingault and Payen the lard residues contain 
11.87 % of nitrogen, whereas according to Mitntz anil Gtrart) they 
only contain 5.5 % of nitrogen but 2 to 3 % of phosphoric acid. They 
therefore form a good nitrogenous fertiliser, but rather slow in de- 
composing. 

They are ai)plied early, in autumn, in the ])ro])ortion of 360 to 
400 kg. per acre. As they are generally sold in comi)ressed cakes, 
they should be chop})ed up and kei^t steeped in hot water before 
applying them. They are often mixed witli composts and the whole 
applied after a certain time. 


(1) \ Huuttini, 0|) Clt 
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22. Dairy residues. 


As has already been stated when dealin^^ with food for livestock, 
it is necessary, in t-Vis case, to, distinguish between dairy by-products 
and residues. Among the residues utiUsabii^ as fcutilisers are the 
following : — 

Sediment of the separaion. — This is a deposit which luuiiains 
in the centrifugal separators t>o the extent of 0.3-0.13 % of the 
skinimftd milk. Witli milk from disease<l cows or cows that, have just 
calved this residue may amount to 0.25 %, 

•It consists of a mixture, greenish grey outsidi* and wliite iusid(% 
of solid, foreign matter, rcunains of fodder and exereiiuuits, si)oies oJ 
fungi, fragments of animal cutieular cells, (de. ; the internal white 
layer is a i)hospho-easeinate of calcium. 

Its chemical composition is variabh* ; FnEiscinviANN found : — 
moisture 68.20 % — fat 1.42 ‘X, — casein 25.34 % — other organic 
matter 1.82 % — niimual rnatUu' 3.22 %. This residin' is very rich 
in bacteria, among whi(di tliere are some* very dangerous such as 
those of tuberculosis, tyjdioid fever, etc. 

“ It is therefore scarcely necessary to say writ(\s M. Roliot (11, 
that great carc^ should be takim not to give thest' sediment.s to 
livestock or to Jiiix tlnun with the skimnn^d milk intended for them. 
Unless they are buried at, once as fertiliseis tlu'y should b(* tlestroyed 
by burning. This has been made obligatory in Denmark and (ler- 
many 

Reniduary liquids. — These are the washings mi.ved in certain 
cases with whey, and are most abuinlaiit wlnm* tin* dairy work is 
conduct(nl according to modern ideas of tin* most scrupulous clean- 
liness. In fact, in such cases, the quantity of residuary liquids is 
almost equal to the amount of milk used and, at times, amounts even 
to twice and a half times that quantity. 

These liquids contain, in very variable proportions, albuminoids, 
fats, lactose, lactic acid, common salt and carbonate* of soda. Thus, 
A. Calmette, for example, found in them, in niilligrainnn\s per litre : 
organic matter 1550-2135 — organic nitrogen 43.6-115 — fats 
628-1440. Left, standing, these liquids quickly begin to f(*rment 
with rapid decomposition of the lactose and albuminoids. 

Instead of passing these residuary liquids into a stream, they 
may be poured on land near the ilairy, where they will have fertilis- 
ing value, especially on sandy calcareous soil in whi(di nitrification 
is more active. To promote this it is desirable to suspend the 
pouring out of the liquids from time to time. If they contain whey, 
the acidity should be neutralised with quicklime. 

Before using these liquids in this way it is desirable to collect 
them in a settling tank. 


(1) Of. A Rolet, Les InduRtnes annoxes d© la Laiterie Pan^, Bmlhore, Editor, 1020 
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A (iiiantity of 25 to 40 litreR per square metre per day should 
not he exceeded. For lar{ 2 :e quantities of' residuary liquids, attempts 
have f)een made to iji])i)ly various methods of chemical, biolof^cal, 
hio-clKunical and mechanical purification. 

These ])rocesses have their qualities and their defects; they can- 
not f)e dealt with here. But the Dairk, Doivnie and ViGNEROT 
process, which consists in adtlin^T super])hosphat(‘ and then slaked 
lime to lh(‘ r(‘siduary licpiids, may usefully he mentioned : a preci- 
pitate of ])hos})ho-(*;aseinate of lime is thus produced which carries 
off a lar^e amouni of fat ; the clear liquid is then <lecante(i and the 
pr(‘cij)ilate is collected on a liltcuinj* layer of peat which is thrn used 
as manure. 

(lERBElt apparaPufi residues. — Whi^n this a])])aratus is FSed 
at fre(|U(‘nt; intervals evcuy day to det(‘rmin(‘ the fat in the milk, 
it accumulates lar^e (piantities of a mixture of milk, sulphuric acid 
and amylii*. al(‘ohol. 

Sonutimes this mixture is thrown away on uncultivated land. 
M. Maki^chal r(‘Conimend(Ml pom’in^r it into a pit the* hot tom of which 
is cov(‘r(‘d with a 10 cm. layer of (jni(*klime on whi(*h is ])laced an 
equal layer of <‘oal aslu^s, mineral f)hosphal<*, ha.oc slag, oyster 
shells, or hom*s, etc. The acid renders parti of t lu‘ ashes soluhle and 
]u*oduc.(‘s sulp[iat(‘ (d‘ liim*, so that a mixtiir(‘ is obtained contain- 
ing suli)hat(‘ of lime, alkaline suli)ha1(‘s, etc*., which can bc‘ iiscmI as 
fertiliser* provided all acidity has been n(*ul.ralis(Ml. 


23. — Wool and Silk waste (1). 

Wool. — These are in the first place various residin^s wJiich may be 
collectively termed swee})ings of I he wool S})inning and cloth fac- 
tories: th(*n all the bits, shearings of cloth, dust from wool-comb- 
inirs, w^ashing r(*sidues, etc. 

The shearings contain 4-0 % of nitrogen, the dust 2.45-5.20 %; 
the sediments from washings contain 0.5 of nitrogen, 0.12 of 
l)hos}dioric acid and 0.28 % of i)ot.ash. 

The waste* from shearing the cloth, or “ Innirre de laine ” contains 
according to Senator Passerijsi’s analys(*s — moisture 9.588 % 

— organic matter 82.444 % — mineral mattei f.hSO fats 

10.134 % — nitrogen 5.938 %; t.he pure ash analysed contained: 

— potash 1.508 % — phosphoric anhydride 0.839 %. That writer re- 
eonunends the use of tin* shearing w^aste for olive trees to the extent 
of 13 lbs. ])ei’ tr(*(* after mixing it with wmod ashes, chloride of po- 
tassium, basic slag, or also with the leaves and t wigs from primings, also 
with the olive husks from oil-juessing previously ncuitralised with lime. 

(1) Cf . i)A llHlfTTlM, (»j) cil, :») Fuitsch, op lit — ll ) P Hazooh, op. cit. 

4) iSi HUiWAi’ ill C I\ d( rArndiuiif tV Itfrirulfun rfr Fraiirt.t VT, No 20 PariH, 1920. — 
o) K ,1 Urssv:T.L, im Journal of (hr Hoard of Atiriruliurv, No 21 London, 1916 — 
H) S .1 JouNHTi)\K, Polasli Imp Inst London, J, Murray* 1922, — - 7) Wool Hcoiiring 
for fiTlilizers in.lmfr Fvrtthzfr. May 0, 1922, No. 9, p 67. 
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The shearing waste can also be applied to vines (1320 lbs. per acre) 
by mixing it with leafy vine branches, decomposed vine shoots and 
fermented residues. 

For w^heat, it is recommended to apidy 530 lbs. of shearing waste 
+ 630 lbs. of farm manure per acre, after mixing, heaping and fer- 
mentation hasteneil^by liquid manure or urine. 

Whatever kind of wool Avaste is used^as fertiliser, it should always 
be made to ferment by keeping in heaps and moistening with water, 
liquid manure or urine ; or else mixing with lime and t he whole incor- 
porated in comj)osts. 

It is also desirable, when possible, to api)ly industrial treat- 
ment with concentrated suli>hu7’ic or Jiydrochloric acid or with steam 
at 1^0° G in an autoclave for 7 or 8 hours. A black, friable substance 
called "'azotine'' is thus obtained, which contains 9 to 12 % of ni- 
trogen. 

The treatment in autoclave* is applied especially to scraps oT cloth 
containing cotton, ])reventing their being spun again lor the manu- 
facture of infeTior cloth. 

Prof. Schrtuaux states that Dr. A. de Kothschild obseived 
that the eiust of natural wool used as fertiliser is sometimes injurious 
because it iutrodiices seeds of we(Mls, siudi as Medivago manilata 
and M. deniivnlata^ whicii have been found at tim(*s in the propor- 
tion of 3.8 %, into the soil. One ton of wool dust in that case con- 
tains 38 kg. of these weed seeds, of which 22.8 kg, germinate immed- 
iately while the rest (hard seeds) germinate after a certain time, 
thus this trouble lasts for several years. In our opinion, this draw- 
back could be r(*medied by treating the dust of natural wool with 
steam at 10(K» or more or else with boiling watei‘. 

Exx)crimentH made at Kothamsted have enabled Russell to 
conclude that wool >\aste is efiicacious for all crox)S, even on heavy 
soils. Waste treated with sulphuric* acid or well scoured did not ai)p(‘ar 
to haveabedter effect than the untreated waste. 

The scoured residues should be* applied in the proportion of 
4 ^2 maize crox)s and meadows. 

The wool scour contains in solution many other substances in 
a varying j)rox)ortion. It carries infection even more readily than 
sewage, and for this reason its direct discharge into water courses 
is more dangcToiis. The fats in it decompose very slowly. 

For the xuirifying of these waters Calmette suggests the follow- 
ing methods. 

1. Mechanical treatinenti — stirrings etc. — to oxidise the dis- 
solved matters. 

2. Treatment with acids ; sulphuric and hydrochloric. 

3. Treatment with alkalis: principally lime. 

4. Treatment with salts : ferrous chloride, chloride of manga- 
nese, ferrous and ferric sulphate and aluminium sulphate, ferruginous 
phosphate of soda, etc. 

5. Treatment by evai)oration, with a view to reduction to 

Via"Vi 5 original volume. The result is as follows: impure 
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distilled water, wool fat, raw carbonate of potash (50-70 %), mud 
and sand. This last method is the most hygienic but 4s expensive, 
so that Calmette considers the best plan is to purify these waters 
with chemical re agents before passing them into the drains. 

hSilk. — Itesidues from spinning which cannot be used for tex- 
tile fabrics ; tlu^y contain from 8 U) 10 % of nitpgen. They decom- 
pose rather slowly in the soil. 


24. — Waste from hair, feathers horns and hoofs pL). 

Hair and feathers. — Waste of this kind is furnished by cleaners 
of horse hair, bruslnuakers, Leatheu* dn^ssers, etc, ainl yields first-class 
nitrogenous I'ertilisers (12 to Jf) % of nitrogem in a dry state ; 4 to 
(» % in a moist condition with impurities), but very slow in decoinx)OS- 
ing. Torrefaction is n(‘<M\ssary or they can be subject(Ml to treatment 
with linn* or mixed in the manure heap or in composts. 

An industrial treatment, as js giv<‘n to wool waste*, is steaming at 
5-6 atmospheres, or treatment- with concentrated sulpliuric or hydro- 
chloric acid, or with carbonate*, of soda, besides the treatment with 
lime al)ove r(‘f cried to. 

Uesidues of horns and hoofs. — Parings, ras])ings, cuttings, dust 
from ]K)lishing, c-a-n be used as fertiliser. These residues also should 
be baked or treated with steam in an autoclave*. They should 
then be pulverised. 

According t o Mulder, horses’ hoofs contain not less than 16.7 % 
of nitrogen, tin* horns of cattle contain 17.1 % of it. The raspings 
come from the* button, comb, etc. factories, tin* cuttings from shoeing 
forg(‘S. 

The fejtilising action of these residues is very slow; they are only 
suitable for woody plants. 

Hair. — 31. Koller (2), states that in 1915 a great collection 
was made in Cicrmaiiy of women’s hair, which was sent to a central 
dex)ot in Leipzig, where it was washed, scoured and sorted according 
t.o length : the longest hair was sold to hairdressers wdiile the rest 
was used for making long strong belting for machinery, bags 
for pressing olives, etc. This was in substitution For what was 
ma(U* before the war with Chinese hair, also Avith horsehair, camera 
hair, etc. (3). 


(1) C’f : 1) Ehitsc’ItI, op oit. -- 2) A UHirTTiM, op cil 

(2) Op (it . p l«7 

Tlu! nso of hair as fertiliser iii OhinH was very ancient VV^itness the following ex- 
tract : — In certniii pliu'os, such ns the Province of Ulic Kian^, to improve tlie crop of rice, 
they take care, wlien sowini^, to hury pellets of pips bristles, or even lunnan hair, which 
according to ihcin, gives strength to the soil and vigour to the nee; those people whose trade 
is to shave heads collect the hair carefully and keep it until the inhahitants of these places 
come (o pnichasc it. ” t’f : J, H du PI aldu, Do.scription geograplufiup, etc. de I’Empire 
de Ih tMiine et do lu Tartarie (’hiuoist*, v Jl Pans, P O Lemercier, MDCCXXXV, p. 64. 
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2S. — Leather waste (1). 

This is obtained in all kinds of leather work and contains from 
7 to 9 % of nitrog^en, but the tanning makes it very resistant to 
decomposition, so tl^at without preliminary treatment it has no value 
as fertiliser. 

Various treatments are recommend<Ml : one being to treat with 
water containing 5 to G % of sulj)hiirie acid, Mien to roast and jvduce 
to a powder, rendering the wdiole more porous and friable and (‘onse- 
quently# more rapidly decomposable. A similar nudliod to the above 
is the patent of R. Rose of Pittsburg ; tlic^ leather waste is hydro- 
lysed with dilute sulphuric acid in contact with an oxidizing agent (‘0 
in an autoclave under steam pressure of 50 lbs. ])er sipiare inch. 

Accoiding to a British ])atent, the leather waste is steeiied and 
then allowed to ferment. Five parts of fermented waste is mixed 
with eight parts of jihosphate of lime and t he mixture is treated with 
sulidiuric acid to deconijiose the phosphate and conv(‘rt. it into super- 
phosphate, after which it is dried, triturated and the phospho-nitro- 
genous fertilise!' so obtained is placed on tli(‘ market. According to 
another patenti, that of H. P. (1. Lis^saoaray, the leatlier waste is 
immersed for 5 minutes in water aeidulat(Ml with 10 % of concentrated 
sulphuric acid, or alum, or sulphati* of manganese. It is Mum air 
dried and drying is (‘omplcted with Jiot air. The substan<‘e then b(‘- 
comes friable and easily reduced to powd(*r. These rtNsidues can also 
be used in accordance with Proschwitzky’s process by distillation 
in retorts with alt(U'nat(‘ layers of 1 part of r<*sidue and 4 parts of lime. 
In the gas giv(‘n off are found ammonia and erud(‘ carbonate of am- 
monia. The residue Irom distillation is us(‘d as fertilise!'. 

The Committee of the British Associatio!! (2) in 1917 tried to 
utilise condemned Army boots by dry distillation and absorption of 
the products by sulphuric acid, and obtaiued 23-25 % of crude sul- 
l)hate of ammonia from them. 

Ace<ording to recent unpublished researi'hes by Dr. L. Bonavia 
on the dry distillation of condemned war boots, only 13.26 % of 
neutral sulphate of ammonia can be obtained, whereas by dissolving 
the leather in sulphuric acid a conversion of the nitrogen into ammo- 
nia corresponding to 35.2 % of neutral sulphate is obtained (3). 
It has also been proposed to dissolve this leatlier waste in sulphuric 

(1) Cf. : 1) A Hiutttini, op oit — 2) Journal of ikv Sooivty of Vhemioal LnduAtry^ 
V. 37, No. K, 19!H. -- 3) Kolleh, Th , oj) oit 

(2) Cfr. C. Lamb, “The utiliHation of oondoiiinert Army boots ”, of thr Chem. 

Ind., V. XXXVI, No. IS, 1917, p 986. 

(3) AVorn out army boots have been rbiefl> u.se<l to oV)tam leatlier p:as ” wbic-b resein- 

bles Dowson or poor This was clone durinR the years 1919-1920 at Modena iitihs 

ing the large quantities of boots that had acicumulatod at Salieeta S (liuliano An ordinary 
tower gas generator is used with injection of water and compressed air unclcr the furnace. 
The calorific power of the gas comes out at about 1300 c;alorics. (T. tJ Hianc'HI, Sopra uii 
gas di cuoio distribuito nel dojyj gwerra alia nttfl di Modc^nia, ilti dtdht Sov dt% Afa/cw. h Na~ 
tur, di Modena, Series V, voJ V, 1919-1920. 
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acid and then to use this acid for making nitrogenous superphosphate. 
Bags and wool and leather waste, et<t., treato;! with sulphuric acid, 
yield a fertiliser which corresponds with 23 % ol nitrate of soda. 

The moist raw material ii? treated hot with the acid and mashed. 
According t o the British patent Xo. 26780 ])hoRphat e of calcium should 
be added to th<‘ leather waste. 

Th(‘ mash is passed intp a closed tank, the fumes pass into an 
absorbing tower and the gases whicli escape from tlie tower are passed 
through a peat til ter and then into the opcui air. 

The volatile nitrogiuious compounds are converti'd into ammonia 
by catalysis with alumina heated to a high ttuiijXTatiire. The final 
dried ])rotlnct contains 6-8 % of nilrogen (1). According to the 
patent taken out by H. Dkvos of Belgium, a fertiliser can be ‘ob- 
tained by heating hither waste in an antoclav^e to about 95^ C, with 
dilute* acid or acid salt, carefully avoiding stirring or boiling of 
the liquid. After 1-4 hours a ])ulp is obtain(‘d wdiich is caused to 
solidify in slabs and dried in the air, it is tlien pulverised. The de- 
canted acid liquoi* can be* used again (2). 

Tt has been ])roposed, and in some cas(*s the suggestions have 
been carried into elTect, to use leather waste from war l)ootR in other 
ways, such as material for street paving, for making animal char- 
coal, extraction of fat, artilicial leath(*r, glue, etc. 

Lastly it should be stated that according to Petermann, Muntz 
and Girar]) leather waste has very little value : among animal fer- 
tilisers it stands last. 

In all cas(*s when used as fertiliser it is always aj)j>lied to w^oody 
plants, since its action is too sIoav for herbaceous plants. 


26. — Dead insects (3). 

Residues from the breeding of silkworms and from other insects 
such as locusts and cockchafers can sometimes be collected in large 
quantities. 

Silkwonna. — The chief material is chrysalids remaining after 
spinning tin* cocoons ; they contain in a fresh state 2 % of nitrogen, 
and in a dry state : — moisture 10 % — nitrogen 9.42 % — phos- 
X)horic acid 1.82 % — y)otash 1.08 % (AuniN). These are used di- 
rectly as fertiliser, after drying and i)ulverising, but it is better to 
mix them in the farm manure heap or in composts. (For food of 
livestock see ]). .198). 

The silkworm bed, wdiich results from the mixture of silk worm 
excrement with the residue of the mulberry leaves, is generally used 
for feeding i»igs, but it may very well be used as fertiliser. It con- 


(1) KoLLKri, Dr Th , op oit , p H)4. 

(2) Of ('himit vl Indufttrie, V, 7, No, 1 I’aris, 1022, j) 148. 

(13) Cf : 1) A Bkuttini. op oil — 2) Herista de la Asoctacion rural del Uruguay, 
Y»‘ar 47, No 7 Montevideo lOiH — ‘3) Si’KirotJitENSKY , Rei’ista del Centro Estud. de 
Agrou y I'ftrr de la I'niv de Hueniitt Aires, Year 10, No 99. Huenos Airos, 1920, 
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taiiiB, in a dry state : — moisture 12.96 % — ash 13.71 7o — car- 
bonate of lime 4.21 %• — phosj)horic acid 0.55 % — iK)liish 3.28 % 
— nitrogen 1.63 %. 

Locusts^ especially now that the ineasures of control hay(‘ 
strengthened in many of the invaded districts, are sometimes col- 
lected in enormous quantities , and are used for manure. Thus, in 
Uruguay, according to a Rei)ort of the X^ommission of tin* Ministry 
of Industry on the use of captured hnuists, these insects wen» first 
dried in ovens made for the purpose, then in the sun. 

For the “ langosta salUina ” (wingless insect or cricket) thus 
treatedHhe following analytical results have been obtaiiuMl : jiioisture 
8.93 % — total dry matter 91.07 %. In the air dried matt(‘r tluTc 
was* — ash 0.73 % — lime in the ash 0.32 % — acidity expressed 
in acetic acid 3.19 % — fats 9.39 % — nitrogen 10.28 % — total 
•proteids 64.25 % — digestible proteids 38.94 % (1). 

In Argentina during the 3 campaigns 1916, 1917 and 1918, 

289,221,850 kg. of “ saltonas ” (crickets) were capt ured as well as 
about. 39 million kg. of locusts both just hatched and fully developed. 
Calculating that about 30 000 tons of them could be used a year, 
fat and fertiliser to a value of 6 million francs a year might he recov- 
ered from them. 

The dried loe.usts, as has been ])reviously mentioned, are used 
as food for livestock, the nutritive value being (‘Cjual to that of oil 
cakes. This is specially suitable for fattening pigs and cattle, hut 
is also acc(‘pted hy sheep and liors(\s. 

Locusts wdth the fat removed are suitable for manure and in 
this respect are better than dried blood and meat. i)owder. The 
fat extracted from them is a good lubricant. 

Coelcehafers. — In certain years these are so nunuu’ous that enor- 
mous quantities of them are collected. According to Mi ntz and 
Giraki) they contain, when fresh : 3. 2-3. 5 % of nitrogen — O.G % of 
phosx)horic acid — 0.5 % of potash. In the dry matter th(‘ i)ercent- 
age of nitrogen amounts to 12-14 %. 


(1) Tlic iinah sas luade by MCntz und (UitAiii) EnffrniH, Vol U, j* 205)) nrr biMV 
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27. — Potash extracted from various industrial residues 
and from ashes (1). 

In (liKCusKin^? th(* utilisation of animal and vegetable residues 
trbeie has been oe.casion Lo note the utilisation of their potash. Spec- 
ial rel‘eren(ve jnust now b(‘ made to the potash contained in consid- 
erable proportions in certain industrial resiilues. The larf^e quantities 
of these residues tofjethcr with the threat need during the war^for po- 
iassic salts indu(‘cd experimentalists to improve the processes obextrac- 
tion and the various States to aid and encourage their use. Not. all 
the j)roeesses adojd.ed during the war hav(‘ in e,onsequence continued 
in use but some of the imijroved processes may be considered as per- 
manent addition to the industry of the production of j)otassic salts 
other than from mines. 

J*otash from ihe brine of saltworks. — It is known that the brine 
in the crystallisation basins of (*nmmon salt contains chloride of po- 
tassium. At (litTerent times (Balard in 1820), attem])ts have been 
mad(‘ to extract, this fertilising salt from the brine, Out never with 
economic advantage, mainly because of the compe^tition of Gcu’inan 
potassie. salts. 

During the war th(‘ (Termaii potassie, salts were no longer avail- 
able and res(‘a,reh concerning lht‘ utilisation of brine from saltworks 
was ren(*wed : in Italy th(‘ " Amministrazione delle rrivative » (Ad- 
ministration of Monopolies) undertook in 1910 a stuies of researches 
on this subject in the (lovernment saltworks in Sardinia. 

The vudume of brine obtainable for all Italian “Saltwork, at .‘12^.4 B, 
amounts lo 50(1,771 cubic metres. For tlie Sicilian saltworks (non- 
State) it is calculated that each ton of common salt extracted cor- 
responds to 0.870 c. m. of brine, containing, on tlie aveiage, 9.00 gr. 
to 22.51 g. of potash per litr(‘. But in a brine at B. from the 
Tra])ani sall>Norks, M. In^vr found 15.585 grn. of potash, equivalent to 


(1) (M' . 1) T..EVI, M Mill hid i* Comm Atti tlrl {lorn pn- I'lnd Chim Rome, 1917, — 
2) Manzklt.a, K. Atm di Chim uppi , v VII, 1-8, Konic, 1917 — .‘I) Nishimura, T, 
Journ. of the Chvm Ind ^ v XXXVI, No 19 Loudon, 1917 --- 4) P. Kazou, oj) cit.f 
p 8S and 52H — .O) Chanfiklo, H. T The Journal of the Board of Aqric , v. XXIV, No.il, 
London, 1917 — (i) Andkrson, E The Journ of Ind undEntpChem, v. 9, No, 7 EaHton, 
Pa, 1917, — 7) r S. Depart of Aouir Yearbook Wasliin^toii, 1919 and 1917. — S) S6« 
DEHJKAIJM, H. (i Kumj! LaoJthrusk-Akadejn Haiul eteh Tidskrift, Yoar 5.'1, No 1 Stockholm, 
1914 — H) De Duminici'^, A Ann delta U Sruola Sup di Agr. di PorO'ci, h. 11, v, XV Por* 
tici, 1920 — 9) CoiTLUMA. .1 Hull Agr de V Algf.rte^ Tunittie et Maroc, fi, 2, Your 27, No 4. 
Aljziera, 1921 — 10) Hijiihee, R, ("hem. News, v 112, No 2907 and v. ll.’l. No 2949^ 
London, 1915 and 1919 — 11) Ellis, H H. Journ. of the Sor. Chetn., Ind., v. XXXV, 
No. 8, London, 1919 — 12 )Aita, A L'lt Ayric , Ko 2 Placentia, 1915. — 1.^) Russel. 
R. 7"he Journ. of the Board of Agric , v. XXI, No 8 London, 1914 — 14) Fritsdu, .7 , op. 
cit., p. 23‘1 — 15) Davis, R U S, Dop. of Aftric , Circular 91, Washinjfton, 1919. — 
19) Htoks, W. B., Nourhe, M, E , Potash in 1919. Gov Print Off Washington, 1920, with 
a bibliography of piibl on potash piiblishod in the years 1918-1919 and 1920. — 17) MtjNTZ 
and Gihahji, op cit , v. Ilf. — 18) Sorel, E., La grande i^iduatric chimigue niinirale^ 
V. IT. Pans, Gautlner-Villars, 1904. 
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29.719 gm. ^of chloride. At 30° B. the chloride content would bo 
25.55 gnl. According this writer, 13,639 in. t. of chloride of pol assium 
plus 1,077 m. tons of bromine could be obtaine<l from the wiiole of 
the Italian saltworks (1). • 

Allowing an annual utilisation of 100,000 cubic metres ol' brine 
from the Trapani saltworks, charged at 1 per cubic metre, E. Man- 
ZELLA estimates 400,000 lire *cost of installation, 900,000 lire work- 
ing exiienses and a net prolit of 700,000 lire a year (2). 

Eegarding the exjieriments inadt^ by the Administration of Mono- 
polies in the Sardinian saltworks (('aglij^^i) d ap])ears, that sulphate 
of magnesium has beem obtained, which the Administration uses for 
mixing with the salt intended for salting sausage shins, and that- a 
connd(*rable quantity of a niixt-un^ of salts, among othius pobissie salts, 
have since been obtained. This mixture, in spit<‘ (d‘ oilers made to 
chemical jiroduct fac.tories, has remained unused n\) to the ]in‘sent. 

The brines arc* dispos(‘d of to a lapis-ligniim ” factory for pav- 
ing blocks. 

The Monojaily expeuis have concluded from tin's ])r(‘liminary ex- 
periment that the manufacture of potassic salts in salt-wTirks intended 
mainly for the produedion of table salt is of no eennomic advantage. 

From saltworks in the Tniled St.at«*s, 60,681 short tons (of 
907 kg.) of crude potassic salts, containing 13,956 m. tons, of ])otash, 
Avere extracted in 1918. 

The annual (luaiitity of brine produced by tlu‘ Jai)anewse salt- 
works is 240,000 t-ons ; it contains 2.30 to 3.48 % of chloride^ of po- 
tassium of which 80 % is recovered, thus obtaining a tdiloridc* of 
80 % purity. 

For other saltworks in the world, tlien‘ are no simihn* dala, but 
those just quoted make it ])ossible to form some idea of the* very large 
(luantity f)f iiotash whicJi may be obtaimul from the brines of salt- 
works. 

Foiash extracted jrow blast furnace dust. — Ae(*.ording to (Ioury 
this dust is suitable for use when it, contains at least 10 % of po- 
tash (KaO), mostly found in it in the form of salts derived from the 
original potassic. silieutcNs. These compoumls, soluble* in water in 
proportions varying from 4.07 to 19.49 %, are principally chloride, 
sulphate and carbonate of potash. 

This dust is deposited in the flues of the boilers heated by the 
gases of the blast furnaces ; they vary in colour and in richness in 
potash : the richest, a cream-coloured eliist, contains according to 


(1) For inforinatioii the Trapuiii salt -works consult A Uhuttim. “ Siilie saline 

trapaiiosi o siilla lorn .slima ” in ll l*olilrrrnro Milan, 1900 Tip c Iri^jcgiicri 

(’2) The “ Sodftd Anonnna Drrirati Acque Alarivf " at Trapnin (Sicily) hiis been carrvni|.f 
On since 1921 a inaniifactiirc of salts of niaKiiesinin, f relating the hniie of Home of the salt 
works close by. At prewent only a part of Iho brine is handled, biil it is intended to make 
use of brine from all the salt-works of Trapani, amounting to about 20(),(K)9 cubic metres per 
annum. In future putanh saltH wdl also be extracted : just now about 4 in tons of maKnesiLiru 
salts are turned out per day and exported to Milan. The principal uses of thcHti salts, 
especially the chloride, are, f he ■manufuoture of rna^nesinm iiiul the prehmmary treat- 
ment of textiles for the dyemn proce.s.ei. 
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CuAOTiELD from 11.82 to 15.89 % potash soluble in acids and from 
5.69 lo 9.25 % of KgO soluble in water. * 

Tliat writer calculated that in Great Britain tlie total annual 
l)ro(luction of i)otash from blaSt furnaces reaches 15,000 tons, of which 
at least one half is soluble in water. The crude dust, e8})ecially the 
cream coloured dust mentioned above^ i^sed dire(dly as fer- 

tiliser. In the United 8tab‘S, according to W. B. Hicks and E. 
Noijrsi:, potash is produced in very small quantities in the blast 
furnac(*s. 

About 00 % of the ])otash in the blow ])ipes of the l)oilers 
and in the chimneys is lost. Corresponding to a i)roducW()n of 
28-29 millions of tons of east-iron in the ITnited States ther(‘ are 85,000 
tons of jjotash. But very lit t Je of this is reenvercMl because th(‘ greAter 
part remains in the lixiviation water of the gas and a considerable 
part is disjicrsi^d in the*. atmos]>here. In tlie United States during 
the war thei e were recovered in this way less t han 500 tons per annum, 
but with the furnaces on the Cottrell system it was clear that from 
the end of 1919 from 1000 t.o 1500 tons of ])otash could be sui)plied 
per annum (1). 

Germany and France x)osses8ing respectively tin large i)otash 
deposits of Stussfurt and Alsace have no interc^st in (extracting 
potasli from the blast furnaevs. 

l)issolv(*d salts of potash are also present in the blast furnaces 
gas washings which, in the dry extract, vary betwcMm 20.6 and 55.7 % 
with an a verage of 33.5 %. When th(‘.se washings can be economically 
evaporated (for exami)l(* by means of solar heat and wind as in salt- 
works), the utilisation of thedr r(*sidue as i)()tassic fertilis(er is of in- 
t(U(e8t. 

According to K. for every ton of cast iron produc(‘d in 

England there goes into tlie furnace with the minerals an equivalent 
of 15 to 30 11). of potassium chloride, so that the total quantity of 
potash salt going into the furnace annually is about 200,000 tons. 
Of this quantity under the ordinary conditions of the process about. 
150,000 tons are lost with the slag and 50,000 tons are volatilised 
in the form of carbonate, chloride and cyanide, of which are given 
off into the atmosphere. A part of the itunaining 10,000 tons is 
deposited in the chambers with the coarser dusts, while a certain 
quantity is usually recovered as sul])hate in the blow x>ipeB. 

The methods for the collection of these dusts may be classed 
as follows: 1) wat(‘r pulverization; 2) electric precii)itation ; 3) dry 
filtration t.hrough bags. This last is the one chiefly relied ui)on. By 
this system, called the Halberg-Beth, a dust is collected, having the 
following percentage composition : bicarbonate of potash 23.23, car- 
bonate of potash 14.66, cldoride of potash 10.90, i)ota8sium cyanide 
6.58, i>otassium formiate 3.66, p. sulphate 1.13, carbonate of soda 
3.97, ferric cyanide 0.48, sulphur of zinc and of lead, 0.36, ferric 

(1) A. E VVki.ls. Dept of Fed Bureau of Mines. Thf Pota/ih, Jnduatry of the. V. S. 
and itn posHUnhtivf' for fuiurv f^roduction. Washinfrton, 11)19, 
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ferrous oxide 11.68, ' carbonate of lime 10.39, sulphur of zinc 2.23, 
oxide of rnafjnesium •1.05, carbon 2.18, flint, 8.91. The composition 
of these dusts is thus very variable. 

To make use of the potash which is usually lost in 1 he refuse slag 
of the blast furnaces and to cause it to pass in fumes so as to In' collected 
as indicated, a proposal has been made to combine common sail, with 
the iron ore so that the base of* the salt, viz. so*lium, may take the place 
of i)utash in the slag and thus volatilise" it. On an average for each 
ton of potash contained in the dust there is neech'd three (piarters 
of a t#n of common salt.. 

Tlie quantity of potash which can Ix' recovered from blast fur- 
naces by this use of salt, and by tiltratioii of the gases, rarely falls 
bel#w 100 lb. of chloride of gas, and in many eases is much more. 

Potash from cement fnetories , — In view of thi' st()i)])age of the 
export, of i)otassic salts from (lermany, a scduniu* was j)ut forward 
for enlleeting the i)otassie salts from cement kilns usually borne iiway 
by the draught and dispersed in the air. The ])recipitati()n of this 
v(‘ry line dust in dei)osit chambers is obtained by means of s])eeial 
electric, sc'parators. According to resear(‘hes by IVb'ssrs 
and Andersot^ the smok(‘ and dust from cement factories n'prescuit 
about 10 tons of matter lost every day })(‘r kiln by the chimneys. 
That dust is partly composed of calcined raw material, (‘oal ash and 
alkaline compounds, mainly sulphates and secondly (‘-arbonates. The 
potash in it varies between 10 and 11 of whieii 86 % to 90 % is 
soluble in water, while the remainder in the form of silical.e is insoluble 
or slowly solubh'. (1) 

This utilisation of the potash from tlie silica t(‘s contained in the 
ore introduced into the cenumt kilns has had a speeial devedopment 
of late years in the United Slates. 

Urom the rotatory furnaces in the c(‘ment factories a coarse dust 
escapes and also a very tine dust rich in potash which easily Hies 
through the blow pi]x* if special measures are not taken. 

The potash volatilised in the ordinary conditjons of (aunent ma- 
nufacture varies between 25 and 95 % of tlu‘ whoh* content of the 
ores employed. This d(‘peiids not only on the process but on the 
nature of the material ustxl. 

The nuiiierous processes followed to reeov(*r t.lu* i)ol.ash from 
the cement dusts can be grouped into t hree ; the electrostatie> by 
moist or dry process, w^ater pulverisation, and pulverisation in cham- 
bers of deposition. 

l^ot. all this potash is soluble in water, but as a r\de about 90 % 
can be recovered by soaking in hot water for some hours, or more 
quickly under luessure. In this way the soluble potash obtainable 
in the United States will be from 60,000 to 65,000 tons peu* annum. 


(1) The Maine method of prceijiitation of the dii.st by the nction of eleri rostiil i<‘ oleetri- 
citv, according to the (YitTRKLJ. or Lodoj^; systoinB, im alflo recoin mciif led for tlu- firecijni ation 
and collection of tlic dunt ^vlnch i.s produced during the I'lUMhiiig of nitiato of hoiUi in the 
Chili factories (officina^) ((>/ F (4. Donnan, Rvjiurt on a I*ro(]ramm( t,f fnvcHfii/at'tttn fur the 
Chilfan nitrate Industry Univ. Coll Eoiidou, 1921, p. •'lO). 
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An inquiry made by the I'niied States Bureau of Soils” has 
shown that the potash which escapes from tht* C(Miient kilns of that 
country varies between 0.35 and 5.3^ lbs. per barrel of cement, with 
an avera^?e of 1.9 lb. AllowiA^ that 90 million barrels of cement are 
produ(jed there annually the corresponding potash would represent 
about 80,000 tons, of which 80%, or 70,000 tqjis a year, might be 
recovered. Hut up to date Jhe largesti quantity of potash recovered 
has been 1021 tons (1). 

PJhrIro- potash. — Residue obtained in the form of slag in the pre- 
parations of ierro-silicium, by treating in the electric furnace at 180(K> C 
leptite or eurite, a common rock in Sweden, a gneiss rich in feldspar. 
As soon as the ferro-silicium has been se})arated from the slag con- 
taining it, the slag is finely ground and constitutes electro-pokish. 
It^ contains about 11 % of potash, of which 10 % is soluble in hydro- 
chloric acid at 20 % strength, in a water-bath, and 0-0.5 % in 
hydrochloric acid at 2 % strength, cold. 

Elect ro-])otash, (‘oni[)ared with sulphate of ])otash in manuring 
tests, has given favourable nvsults. 

Ashes. — Then‘ ar(‘ various kinds of tlu‘S(‘ bul tlie most suitable 
as potassic fertiliser are vegetable ashes both <lomesti(‘ and industrial. 
Their comi)ositioii, and conse(|uentIy their fertilising value, varies 
A^(*ry much : those of ferns (28-29 % of K.^O), h(‘ath (10-17 %) and 
broom (30-31 %) ar(‘ richest in ])otash ; tin* following also yield good 
ashes : — the straw from oats, straw' and husk of wheat, leguminous 
plants, buck wh(‘at, po})py, rape — twigs of the olive tr(‘e (17.4 %) 
“ gra]>e residues — vine twigs — young elm leaves — bean jxuls — 
hops — hoi) cones — rushes — sedges — sea weeds (0 to 15 % of 
KflO), etc. 

The fertilising action of ashes is mainly due to carbonate of po- 
tash, which predominates, but other |)otassic salts are present, such 
as sulphate, chloride, phosphate^ and silicate. They also contain a 
considerable quantity of carbonate of lime and in addition: — car- 
bonate of magn(*sia — phosphates of lime and magnesia — silica — 
alumina — oxides of iron and manganese — etc. 

A distinction should be made between virgin ashes, wdiicli are 
those hitherto referred to, and lixiviated ashes or Iges, which have 
lost almost all their i)otasli but still contain phosphates and carbonate, 
of lime. Lyes may consequently be used to supply, the soil wdth 
these substances either by direct application or by incorporating 
them in composts and farm manure. 

The ashes produced in largest, (juantities are wood ashes (2). 
Their composition varies according to th(‘ species of the wood burnt, 
as is shown by the following figures : — 


(1) Of Srimtific Arnvricnn, Foil. l!)2J, p 0)7 

(2) AcrorflinLi to tlio ScivnUftc Amerirtm (Ftjbruar> 11)22, p. JOT), tho potash from the 
ashes of wootl refiiso iiseii ms fiu-l and that of eharcoal ainoiints to ovor 140,000 tons (of 007 k.fz ) 
a year, which corresponds to about 50 of the quantity vnnually imported into that 
coiintrv . 
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Potash I 

I 


Pho8j»hi)rie 

auhydridf 


Xiiiiu' MiiKnesi 


T)ak 8 - 1« H - 8 , ;U) oO 3 d 

Beenh ^ 8 12 ; o 7 30 dO 3 d 

Yoimp olm 20 25 I d ^ 10 '20 40 8 JO 

Poplar. . . .... 10 - 15 10 1.3 . 30 - 50 8 10 

Pine 10 15 j 3 - 4 30 50 3 


The quantity ot virfi^iu ashes to be apjilied vaiies betw(M*n 0 aiul 
10 111. per aere. Lye is applied in the proportion of 10 to 12 hi. ])er 
acre and is esiieeially suitable for clay soils ainl pealy acid land. 

The following information regarding the ashes of various vegetable 
residues may usefully be given : — 

Ashes from almond hnsks. — A. I)e Domijnkus lias published 
at Porliei (Italy) an interesting wairk on this subj(»ct dealing with 
the cultivation of the almond tree in Italy, which ex(‘eeds that of 
any other country, the average, production being 150,400 m. tons of 
almonds a y(*ar, while Spain, which comes next in imjiortanee, only 
produces 09,500 m. tons. 

(xenerally the gr(‘en almond husks are fed to sheej), but, in re- 
cent years, they have also been burnt so as to use* the potash in 
the ashes in the commercial preparation of con<‘enlrated ly(‘S or by 
extracting the carbonate of potash from them. Tlu‘y have been 
used in this way specially in Siealy, where, as soon as the* almonds 
are gathered, the husks are* burnt on the* sjiot- in circular stone 
kilns. 

The price of these ashes, which before the* war did not exceed 
8 t.o 12 lire per 100 kg. rose to 177 lire in lOK) and was still above 
100 lire in 1920. 

The virgin ashes from almoml husks, dried at 105-110^ con- 
tains : — potash 12.71 % — soda 2.73 % — phosphoric, anhydride 
3.15 % — lime 10.24 %. The diy husk gives Irom 7.35 to 12.04 % 
of ash, in which the jiotusli may lie as much as 50.75 %, according to 
analyses by the above-mentioned writer. 

The husks representing, on the average, 40 % of tlie weight of 
the almonds, the 150,400 tons of almonds produced annually in Italy 
would yield 02,500 tons of husk whi(di, at the rate ot 8.0% of ash, wouhl 
furnish 5,380 m. tons of ash containing 3,700 tons of (‘urbonate of jjotasli. 
Allowing the same ])ercentage of x)otiash for the S[)anish almonds, 
the production in that country would furnish 2,391 m. tons of carbo- 
nate of potash which, added to the 3,700 tons in Italy, would make 
an annual total of 0,157 tons. 

Orache (Atriplex Halimus) ashes (fig. 71). — This Chenopod of the 
coastal zones of the Mediterranean, iSouth Africa and America gives 
ashes very rich in chlori<le of potassium (58-66 %) ; it has been recom- 
mendetl as a plant t*o be burnt for the use of its ashes as fertiliser. 
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Ash of tobacco stalks, — This has been utilised on a limited scale 
in the United States to obtain chloride of pol^ish at. a high standard. 
The stalks which contain about 20 % moisture were dried till they 
contained only 2 to 4 % and were then finely shredded. In this 
state they contain about 5 % of potash, and blended with a mix- 
ture of chemical fertilisers they act as a <lrying element and also add 
to th(‘ volume of the mass to be scattered. ' 

Tobacco ash. — 13. T3itjirel has recommended that they 

should be collected in places where many smokers meet, to make 
use of the potash. , 

In fact, this residue represents ;3() % of the t()ba(;/^^50 leaf 

smoked and contains 20 % of potash 
and 5-0 % of phosphoric anhydride. 
Allowing that 45,211 tons of tobacco 
waM*e smoked in 193,3-1914, this (juantity 
rejuesents 13,573 tons of ash containing 
2715 tons of ])otasli. This total quantity 
of 2>otash is not very (‘onsiderable and 
it cannot be (‘ollected. The very small 
quantity of ash which flight- actually 
be collected in meeting ])Iaces could 
have no imi)ortanc(‘ for tlu* utilisation 
of potassi(’ salts as fertiliser. Potash 
might also b(‘ obtained from tobacco 
r(*fus(‘ from the manufacture of smoking 
tobacco, that is to say from the stalks 
and olh(‘r waste parts. 

Potash from stalks and skins of 
bananas. — This subject has been 
investigated by M. K. TT. Kllis, who 
found in the rachis: moisture 91.6 % — 
Fion. im. \ Kmu., c.p (-.it, matter 8.4 % — ash 2.4 % — 

l^otash 1.14%. In the ash the potash 
rea(*-hes 45.9 %. One ton of st alks might yield 24 kg. of asli containing 
45.7 % or 11 kg. of ])otash. 

The skins of bananas contain, in a natural state : — moisture 
88.2 % — dry matter 11.8 % — ash 1.77 % — potash 1.05 %. 
The ash contains 57.16 % of potash. The United States and the 
United Kingdom, leaving other countries out of account, import mil- 
lions of bunches of bananas every year, which enables some idea 
to be formed of the large quantity of potash which might be derived 
from them by making thorough and complete use of them. Thus 
the 9 million bunches of bananas imported yearly into the United 
Kingdom yield : — stalks weighing altogether 16,328 tons, including 
1372 tons of dry matter containig 13,7 % of potash, say 188 tons, of 
potash — frvit (on the average 180 per bunch, yielding 6.8 kg. of skins) 
furnishing altogether 61,235 metric tons of skins containing 7226 tons 
of dry matter containing 9 % of potash, or 650 tons of potash. 
Thus altogether 838 metric tons of potash would be obtained. 
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With regard to •the needs of consumption, this quantity is not 
very great and morecwer it is merely an estimate^ for it is impossible 
to collect and burn all refuse from the bananas eonsiimed, most of 
the skins going into the dustbins whm* they art* mixed with otlier 
refuse of all kinds. 

Ash of sunflower stalks. — Potash extraction from this residue 
is of great imi)ortaAce in Eiisl^ia, where in 1911 Ihert* wert* ])r()dneed 
12,001 metric tons (13,232 short- tons)." 

From this ash then* is obtainetl by lixivation ]»()tassiuni carbonate 
of Ya?;ying standard from 78 to 90 %. 

Ji^ lihodesia also the sa-nu* use has b(*(*n made of siintlower stalks. 

Ash of Artemisia spp. — These plants ait* rit‘h in ])t)tash, the per- 
ceii^tage in certain t*-ases being 21.05 %. 

They grtiw' wild as is well knoAvn in many ])la-ces. In the Western 
States various attempts havt* been math* to utilist* tht‘m, but- appar- 
ently without eommt*rciai success so far. 

Ash o1 water hyacinth {Eichornia crass i pcs). — This is a ])hint 
Avhich in varitins parts of India tenths to choke the canals. In the 
dry state it contains about 7.5 to 8 % of potash chloride, and 8.2 % 
of calcium jihosphatt*, while in wootl ash tin* potash is ])res(*nt largt*ly 
as potassium carbonate* (1 ). In the ash oT this plant there is about 
26 % of potash, but the quantity varies acc,ording to its growd-h and 
the nature of the soil. In 1917 it- w^as r(*port(‘(l that- mojt* than 170 tons 
of t-his ash, from 17,000 tons of green plants, wert* sold in Calcutta 
and Dacca. 

Ash of ferns. — G. W. Koiujnson and F. J. Jii^ssKLL have found 
that the young plants give an ash containing about- 50 % of potash, 
while the full grown plants contain a small quantity. Tht* soil has 
some influ(*nce in this respect, in the sense that in a sandy soil ferns 
contain much less jiotash than on a clay soil. Tht* seast>n also makes 
a difterence as the ])t)tash diminishes from May to October. 

Fotash from prickly -pears. — Ap|)rt)ximatt*ly the sanit* consider- 
ations apply as for ])ananas. Even iii countries ynoducing these 
fruits la-rgt*ly, as in Sicily, collection t)f the skins cannt)! be 
undertaken. 

But in some countries, as in Queensland (Australia), (M*rtain 
kinds of Opuntia should be ct)nsidt*re<l as regular j)ests wdiieh ought 
to be destroyed. It has been proposetl tt) do this by means t)f tri- 
chlt)ride t)f arsenic over 10,000 at-res infest etl. 

As soon as these plants are de8troyt*d they might bt* burnt and 
their ashes, which could yield 15 % of potash, utilised. From 1 a(a’e, 
100 kg. of carbonate of potash of 80 % purity could be obtained. 

Molasses. — When these have fermented they yield, besides 
alcohol, potash in the form of salt, which is obtained from the resi- 
due of their sediments. This salt contains mainly carbonat(*s which 
are used as they are or are converted into sulphate of ]K)tash by treat- 
ng them with sulphuric acid. Molasses from beet contains, on the 

fl) VI.* Bull. Imp. Inst* I.(Ondon, 1921, No. 4. 
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average, 5 % of potash, plus 1.5 % of nitro^^eTi, and it corresponds, 
in weight, to 4 % of the beet used. ci 

Potash can equally be obtained from the residue of molasses 
sugar. This residue, due to one or another of the processes by which 
molasses are made, when concentrated at 35-40® Be contains 9 to 

10 % of potash, 50 to 00 of organic matter. 

By washing the salt obtained by" calcinati(/n in closed retorts 
carbonate of soda and carbonate^ of potassium are obtained and also 
chloride of sodium ])()tassium, while from the gases given off ammonia 
water and a lixiviation of sodium (‘yanide is obtained (1). , 

Ashes of wine lees. — The h^es with ferments deposited at ^he bot- 
tom of t4i(* vats after the IVrmentation of the grapes form a sott mass 
which can be dried on tilters ; the solid residue can be reduce<J to 
aslH*s at a not loo high temperature so as to avoid volatilization of 
part of the j)Otash. Prom 1(10 kg. of dry lees, 17 kg. of ash very 
rich in potash are obtained on the average. 

Th(* l(*es (h^posited by wine in casks is v(‘iy rich in tartar and 
should not be burnt hut used for extracting cream of tartar and the 
manufacture of tartaric acid. 

from jtrunirigs and trimmings oj trees and fhrubs. — Con- 
siderable (|uantities of j)otash can be obtained from these, especially 
from shrul)s, 

Kitsskll experimenting with hedge cli])pings, at Bothamsted, 
found 9.0 t.o 13 % (average 10.9 %) of potash in tludr ashes. 
Hedge clip])ings furnish 15 lbs of ashes ])er 100 yards of hedge. Most 
certainly, says this writer, hedges should not be eli])ped solely to get 
ashes, but it is imi)ortant to use for that purpose all ordinary clippings. 

EuswklIj also recommends the utilisation of the sweejungs ac- 
cumulated on tlie threshing Moot which contain many seetls of weeds, 
for which reascni they should be burnt. The asluss so oldained contain 

11 |)otash corresj)onding to 5 lbs. of that alkali per acn* of land 
umler wheat-. By using this residue as food loj- livestock and ])oultTy, 


(1) Of ■ 1) Dk .lussiEir Fahni-. dii Cmuuir? Ur Smlium par los viiuihsos ili- ilinhll. ou dc 
SiicTMt ilo im'dns'jrs m l/Jnil Chun . No 107 I*nns, 1022, [) 

2) Tim Sri< )itific ^rn^‘nran (Ki'hriinry 11)22, p 107) tluit, in tlu* United States, the 

totid a\('ra;;(' ((iianliU i»t' potash (‘ontaiiM'd in the tiniuail eiop of lieet ainountH In 20,000 tons 
(of 1)07 ) Duiiin: inaiuifai'tnre [mrt of this ])olasli leiiiiiLiis dissolved and part passes 

into the innlasses, a ^^nod pail of wliieh is eoiiHuined by hvestnek who restore the potash in 
thediin^ A portion of tim potash is (ound in the residues of (list illationand can he reeoveimd 
by evaporation The remainder of the molasses, about lialf, is used for e\tractin^' siifiar 
from It', and t he liijiiids of this jiroeess Imve potasli m solution which is reeovei'ed h_\ eoneen- 
tration, Uiil it is doubtful whether t iiose proeessi's enable more than 4000 Ions of potash a 
year to be obtained Aeeoiding to H S (jALiJ and W H IIk'KS, if all the potash from 
distillation molasses eould be reeov’^ered, .Ttt.OOO tons of K^(.) eould be obtained. For the re- 
eovery of eheimeal products lost in the elumiio> of the kiln for hunimg the reaidiies to oh- 
tain potash, the Uffiiont process is used, which hosides the potassie salt, gives, as re.sidue 
of the principal work, sulphate of ammonia, eyaiiide of potassium, acetic acid and butyric 
acid, 

H) For 20,000 t. of molasses Dr (J Mezzadroli {(iiotnale dt Chtmtrn Imi ed Appl.f 
Year IN, No 12, Milan, 1921, p 5tio) iiidieateK the followinj^ by-products: — sulphate of 
ammoiiio, vS6H m t , e\anide of potash, 104 m t , acetic acid 1 170 m t , hiityric and 031 m. t. 



FERtAjSEES , 267 

^8 is generally done, tfiere is a risk of introducing iiuiny seeds of weeds 
into the soil. • 

Peat and coal ashen. — In certain countries great quantities of 
peat is burnt either by direct conibu^^ion, or by distillation by tne 
MOND system, etc. In peat the ash varies between 10 and 10 % 
but it is very poor in potash and still more so in phosphoric acid ; 
it contains on the average : — carbonate ^of linu^ and (juicklime i\3 % 

— clay 7.5 % — vSilica 15 % — alumina 7 % — ferric oxide 7 % 

— carbonate of potash 0.5 %. It is therefore a calc.areoiis fertiliser 
suitahl<‘ for lime-demanding crops and for soils poor in lim(‘. It 
is applied in the large quantities of 40 to 00 hi. per acre. 

Coal ash contains less potash than wood ash (loes ; on lln^ other 
haiwi, if fresh, it contains sulphides which may he injurious to (‘rops 
but which are converted into sul])hate8 if the ash is left for some 
time in the air Indore being applied. 

The quantity of this ash produced in boiler furnaces is from 
1 to 5 % of the weight of the coal used. 

Eeing fairly rich in lime (15 %) and in sulphate* of lime (4 %), 
it can be used as a calcareous fertiliser in (piantiti(‘S of :32 hi. to 40 hi. 
per acre, especially on compact, moist, soils. It contains from 0.2 
to 0.8 % of [lotasii. 

Chimneif soot. — The soot from lioihse eliimm*ys and the Hues 
of coal furnaces is a good potassie, fertiliser, hut, as it contains em- 
pyreumatic ])roducts which may be injurious to croj)s, (*s})ecially 
in a dry season, it should be used with care. It is us(‘d for top- 
dressing grass lands and also, turned into the soil, for wheat and 
clover, in the proportion of 25 to 30 hi. pe‘r ha., prelerahly in damp 
or rainy weather. 

The following is an instance of the composition of soot: — mois- 
ture 12.50 % — carbon 3.85 % — iilmu* acid 30.2 % — nitrogenous 
matter 20 % — acrid and bitter substances 0.5 % — various soluble 
salts, including acetate of ammonia, 10.84 % — insoluble salts 22.11 %. 
Wood soot contains, on the average, 4.35% of nitrogen and coal soot 
1.35 %. The composition of soot varies according to the nature of 
the fuels and also accor<ling to the system of combustion. According 
to Wolff and Volkeii its average comi)osition is as follows : — 


Wood HrK)l I ( oiil soot 


Moisture 

n 0 

4 0 to 

JO 0 

Organic matter 

72 0 

4 5 0 ,) 

7(ro 

Nitrogen 

... 1 

1 0 .. 

;( (( 

Phosphoric nnhydrirle 

0.4 

0 

0 4 

Sulphuric I) 

... 0.3 

1 7 

H 7 

Lime 

... 10 0 

4.0 

0 

Potash 

. . . 24 j 

1 0 j 1) 

2.7 



268 


PAliT II. 


Soot acts not only as fertiliser by the nitrOgen, potash and phoB^ 
phoric acid which it contains, but also as inB'.^clifiige by its bitum- 
inous and enipyreuniatic matter. 

Soot, especially wood boo6, also gives good results for the destruc- 
tion of moss in lawns ; it is applied in a very thin layer in spring or 
summer, when, after mowing, all the grass begins to grow again. 

Potash of wool scorn water. — I'lu^ fat reTnoved from sweaty 
wool by washing consists in wool-fat (lanoline), and in fat resrdting 
from the combination of potash with certain fatty acids, and is 
soluble in wat er. This soluble matt(‘r varies considerably acvc*.ording 
to the breed of sliee]), but as a rule is from 14 to 18 %, wdt> 2-7 % 
of carbonate of potash, r(‘ckoned on the un8(‘oiireil wool. 

lUit the extraction of ]K)tiish from wool is nnremunerative if not 
done on a large scale and at the same time as the r(*moval of fat. 
In Helgium, France and (lermany the clearing of the wool is done by 
hot. wat.(*r on 1h(‘ so called counter current system, th(‘ water 
bearing tlu^ fat and blown in con8eqiienc(‘ is evaporated to drying 
point, in Porion stov(‘S and the pasty mass obtained is then calcined 
in reverb(‘rators or in gas retorts. In this stoond case the nitrogen 
is r(‘covered as ammonia and cyanides and the couibustible gas is 
used as such. Th(‘ (‘.arbonaceous residue jcuiiaining in the retorts 
contains from 58 to (>5 % carbonate of ])otassium, and is broken 
u]) and washed with hot w'ater ; the clear liquid is evaporated up 
to the [loiiit. of the crystallisation of chloride and carbonate of 
potasli. 

Pkirmeiiy tin* solid lats of the wool were recovered from the 
scouring water by means of x)i‘^*t^'il)itatiou with sulphuric acid or bi- 
sul])hate of soda, and the })otash was lost in the liquid residue. 

By the English Smith-Leach method tin* potash is recovered 
by means of concentration (to ’/k,) of the scouring water. The hot 
litluid is t hen subjected t.o centrifugation and three jiarts of matter 
obtained : 1) sand, 2) a iiota.sh sou]) solution, 8) wmol fat. The soap 
solution is evaporated to drying point and them calcined to obtain 
carbonate* of potash. 

According to Winterbottom (1) it is possible to obtain from 
the whole of the wool washed in Australia 2812 long tons (of 1010 kg.) 
of potassium carbonate annually, but. at jiresent this quantity is lost 
as the scouring w^ater is throwm away. 

The following data, taken from researches by E. O. E. Davis, 
relate to some* sources of pioduction of potash from residues in the 
United States, and are considered of importance. 

From cement factories 75,000 short tons (of 907 kg) of it can be 
obtained. 

From blast-furnaces, from 50,000 to 200,000 short tons. 

In 25 molasses distilleries the residues have supplied about 30,000 
short tons of potash a year. 

(1^ Cf South Au-str. Dr/ft. Chem , Bait. No 2, 1910 
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In sugar refineries more than 8000 short tons of potash a year 
can be obtained from The waste liquids. Of course these figures" are 
theoretical : the quantities of potash hitherto obtained are much 
less. Thus, in 1918, 183 short tons of jJbtash from cement, dust and 
632 short tons from waste liquids of refineries were obtaiiUMl. 

At the beginning of 1919^ eighteen cement factories possessed 
the installation necessary for recovering .pot ash. 

Up to date little potash has been obtained from blast-furnaces. 

The potash extradited from seaweeds has been dealt with in a spe- 
cial cha^)ter (see p. 207). 

Frc%n wool produced in 1914 in the Unitcil States (290 million 
pounds) and from imported wool (220 million jMiunds), it would iiave 
been»possible to obtain 11,500 short ions of ])otash at the rate of 4.5 % 
of i)otash in the umvashed wool. 

For the year 1910, from all sonnies, it may be estimated that theie 
were extracted from industrial residues in the Tnited States ; — 
potash 40 %, phosphoric acid 8 %, and nitrogen 85 % of tin* total 
quantities used as fertiliser in that country (1). 

The Chemical Bur(*au of the V. S. Ministry of Agriculture has iv- 
cently undertaken exi)eriments on a huge ^ scale with a view to a similar 
recovery of potash fiom wool S(iouring water (2). This water e-oncen- 
trated contains 14 % of potash, 1.25 % of nitrogen and 14 % of fats. 
The dry residue with the fat removed (‘ontaiiied 21.5 of soluble 
potash, 20.5 % of total nitrogen, and O.G % ot fats. Mixing these 
residues with those of other industries a fertdiser is prej)ared contain- 
ing : soluble potash 0.5 %, total nitrogen 0.1 %, of whi(*h 3.4 is sol- 
uble in water, fats 0.8 %. 

(1) a) Kk, HfiowNr’s papor ontitli'U “ IniportaiuH* of our Niitiirnl 

ResoiirctJs of Potash” iii Yenrfmok of tfn Dritartnuott t>f AgrUulturv, WnHliinj^lon, 19U), 
p 302, may f )0 profitably oousultofi ropanhiiu; the rocovrry of potash from rosnluos m uonoral 
Bntl osj^ecially in tho United States 

b) For the United Slates, there tiro the following statist loal figures wlnrh relate to the 
pure potash extracted from various reHidiie^ (in tons) : — 



192(J 

1919 

1918 

1917 

1916 

Cement dust 

1 

1051 

1405 

1 

1471 i 

0 

Residues from molasses distillation . . 

2951 

2542 

3145 

2682 ; 

1674 

ResiiUios from sugar refinim: 

3079 

3282 

1246 

3;i5 1 

0 

Wood ashes 

181 

325 

611 

563 1 

374 

Blast •furnace ashes 

! J38 



168 ' 

0 

Cf. Intern Institute of Aok. Inteniatioual Trade in Fert ihsers, etc Ve ir 
1921. For reaearchea relating to leucdte, see chapter Uisiiljihate of soda, p 278 

f). No ; 


r) For wool »courin)? water aa a aoiirce of iwtnsh in the United States, see also : 
Veitoh, F. P. Ill tho Jonrivil of Industrial and Entjinwt hKj, Chemistry Vol XI\\ Xo. o, 
WaBhingtoii 1922. • 


(2) Of, Journal of Ind. and Emfin. Chem , Vol. XIV No fi, Washington. 1922 
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28. — Residues from gas-\^orks. 

Orude ammonia compouAds — P\)ririerly, Laniint^'s luixUire ” 
AvaH in nai‘ in gasworkB for purifying th«‘ gas, that is to say for 

removing the sulphurous avid, cyanides, sulph^-cyanates, ammonia, 
etc. It was a mixture of sawdust (180 j)arls), lime (160 parts) and fer- 
rous sulphate (30 parts) riunoved from time to time from the purify- 
ing chambers in order to restore its activity but finally thrown 
out when it became charged with sul])hur and had lost its 'purify- 
ing powcT-. It was Mien designated crude ammonia compViunds ” 
and was fairly rich in ammoniacal and cyanic nitrogen. In a fresh 
state, it. was consicUned poisonous for jilants, but after about 2 months 
exposure to the air the eompounds of cyanogen are convicted into 
ammoniacal com])ounds. In any cas(‘, it is necessary to apply it a 
mont h and a half or two months before sowing or before growth starts. 
Ill is a good insectifuge. 

In th(* jiresent day large gasworks have almost (‘nt.irely replaced 
‘‘ Laming’s mixture ” by the ash of iron jiyrites (oxi(l(‘ of iron) 
from sulphuric acid furnaces, with which has b(‘en mixed a small 
amount of linn*. This piiilfying matter retains tlu^ sulphur from the 
sulphurous acid and the cnmpounds of cyanogen which have not 
been retaiiu'd by th(‘ soda in sjiecial washers. The* ammonia is also 
lixed by water in tlie gas washing a])paratus. According as the 
oxide absorbs suljihur its purifying power decreases, but it becomes 
activt* again aft(‘r a few' days exposure in the air. 

In thes(‘ Ciouditions the sulphi<le of iron d(‘composes and the sul- 
jihur Tissulting I'rom this decom])osition is deposit ed on the particles 
of oxide of iron (1). 

This mass is used continuously for jmri tying until the proportion 
of sulphur in it reaclu‘s 40-50 %. It is then called spent oxide of iron ” 
or exhausted purifying matter ” and the sulphur is burnt out of 
ill in sulphuric acid furnaces, or else extraeded by ordinary solvents 
(siiljihide or tcdrachloride^ of carbon). 

Large (piantities of spent oxide of iron can only be utilised if the 
cost of transport is not too high and there is often an aceumulation 
in gasworks of grenit heaps of unused sjierit oxide, nearly half of 
which is comi)os(‘d of sidphur. During the war, of course, this sulphur 
ww entirely u^iliscnl, especially in countries poor in this element, but 
after the war as formerly, there was no profit in such use. A new use 
is that of the manufacture of ‘'Supersolfo ” w^hich is dealt within the 
next chapter. 

Keturning to crude anunonia compounds, it may be observed 
that tlieii' action in the soil is due : — 1) to ammoniacal nitrogen 


(1) Tilt’ ro^^tMiemtioii ih efforlotl iii accordance with the reaction: — 

'■'''.'^3 + ‘>3 -( 2 Fe ( OH ), + Sj 

Feme Oxyj^en Water Feme .Siilplnir 

snl])liide hydrate 
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(the nitrogen in sulpliocyanates acts slowly and the ferrocyanides 
are unalterable) ; 2) tb the considerable quantity of free sulphur 
(40-50 %), which acts as fertiliser ; 3) to tar which is antiseptic ; for 
this crude ammonia compounds, in lai^ge proportions, aie injurious 
to plants, apart from the toxic action aH the compounds of cyanogen. 

Ammomacnl liquidn. — Tl^esc^ contain varying quantities of freci 
ammonia and ammonia combined in the form of sulj)ho-hydrate, eyan- 
nide, carbonate. The total ammonia varies Ixdween 1.2 and 1.8 %. 

In gas works where the ammoniacal licpiids are not Incited for 
obtaining suliihur, or chloride of ammonia, or ])un‘ ammonia, they arc 
thrown%way, althougli it would be advantageous to use the ammonia 
in them. 

410NG10VANNJ has invent;<Mi a imxiess for the utilisation of these 
liquids which has been tested at the Himini gas works (1) : it consists 
in adding the ammoniacal liquid to sui)erphos])hate and eva])orating 
it by means of furnaC(‘ lieat ; as it evaporates furtluu* additions are made 
until elfervescence is no longer jjroduced. The residue is then dried 
in about 10 hours and the nitrogenous supcTphosphate obtained is 
pidverise<l. This product has been analysed as follows : — nitrogen 
3 % — total phosplioric aei<l 15 %, of whi(‘h 12,85 % is soluble in 
water and in citrate* of ammonia. It is a phosj)haie of lime* and am- 
monia following the formulae. 

Ca(NH 4 UP (),)2 or Ca[(NlI ,) 2 PO,,)], 

which is insoluble in water but decomposable by hydrolysis. 

It is considere<l that this ])rocess, which is not iicav, is not likely 
to be commonly used for the lollowing reasons: — 1) the necessity 
of transporting lh(* super])]ios|)hate or the ammoniacal liquid ; 2) tlie 
considerable expenditure of labour for all the* mani]3ulal ioTis ; 3) the 
large consumiil ion of fuel to evaporate the* liquid which is ponied 
over the superphosjiluite ; 4) the unfavouraf>le conversion of mono- 
ealcic phosphate (jiredominant) into bicaleic or reduced j)hospha1e, 
insoluble in water, but soluble in citrate of ammonia. 

Ammoniacal liquiils and ammonia are obtained not only from gas- 
works but also from blast rurnaces, coke ov(*ns, distillation of mine, 
and that of peat, from boraciferons ‘‘ soffioni ” (hot springs), from the 
manufacture of sugar by the osmotic process, etc. All these sources 
of ammonia were exidoitecf during the war, but since the r(*.opening 
of the market to the products of the syntliesis of ammonia, ob1.ain(*<l 
by the Habek, Claude, and other methods (but mainly by the first, 
largely used in (Tertnany), the manufacture of ammoniacal compounds 
with non-synthetic ammonia has experienced a great check, because 
the cost of production of these products is generally higher than that of 
the competing synthetic ammonia. This, as a matter of fact, is what 
has happened in the case of sulphate of ammonia, which several gas- 
works scarcely now find profitable to prodiice. 


(1) BoifuiovANNi, C., “ Titilizza/joiip dollo acqne ammoiitacali dol traK oo no ouucimo ” 
in Stazioni Sperimf^itali agrarif italiane^vol LIT, Nob 10-11-12, p. o2I Modrua, 1919. 
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Th(\y have therefore en<leavoured to find some other profitable 
use for this important residue of the distillation’of eoal, but up to now 
without obtaining; any positive results. 

Ariionj? other by-productft of illuminating gas, which during the 
war had to be collected and utilised along definite lines laid down by 
the sev(‘ral stat(‘s, are tar, cyanides, si^lphocyanates and benzene. 


29. Supersolfo ” (1). 

Alt hough the “ Societa Anglo-Komana j)er V Illumina»rone di| 
Roma ” (Anglo-Roman Company for lighting Rome) continued during' 
the war to disj)ose of a good quantity of “ sjamt i)iinfication substance 
or spent oxide of iron ”, produced in its large S. Paolo Gas-Works, 
to a neighbouring sul})huric acid factory, it iievertfieless ])OS8essed in 
1919 an enormous amount of this residue. This continued to increase 
and consisted for about lialf its weight in elemental sidplnir. Owing 
to the high price of commercial sulphur and the very low rate at which 
the spent oxide of iron could be sold, the Gas (3()mp‘iny asked me to 
investigate the j)ossibiUty of utilising the sulphur from the gas purifi- 
cation so as t-o g(‘t a i*easonabl(‘ x>ioiit. 

In view of the gri^at importance at tin‘ luescmt time of fungicidal 
or ins(‘ctieidal substances, 1 had resolveil in the (‘arly years of the \\ar, 
to investigate th(‘ x)re])aration and use of the sulpho-c.alcie mixture 
or })olysulphid(‘H of calcium, an insecticide^ and fungicide, largely 
used in the Ignited States under the mniw of lime suli)hur ” but little 
known and used in Italy or in other Purox)ean countries. But- T was 
convinced, as other experinumtalists before me had been, that this re- 
medy would never be generally used if it had to be prepart* I by farmers 
themselves, since as rule they neither could nor would effect, the de- 
tailed operations required for its successful pieparation ; consequently 
the x)olysulphide8 of calcium mixture must be systematically manu- 
factured on an industrial scale so as to b<* idaced on the market as 
highly concentrated as possible, as is done in tlie United States. 

These considerations led me to suggest to tlie Anglo-Roman Com- 
pany that the sulx)hur accumulated in the spent oxide of iron of the 
S. Paulo Gas-works should be converted into polysulphides of cal- 
cium, a mixture to be sold as insecticide and fungicide, useful against 
many plant jjests and also against various parasites in the skins of 
domestic animals. 

Thys proposal was favourably received and, shortly after, a 
preliminary mechanical installation was set going in the Gas-works, 

(l) Cf ; 1) A niirxxii'fi, iSaZ/a Miscrla tuolfo-calricj, o ih l^ahsolfuri di calcio come iiiset 
ticida e funjicAda, Koine, 1920 — 2) Officina del gas a S Kaolo, Roma, Alcuni 

riaultati ottenuti rol Supersolfo o M%scvlu supcrcotwentrala di pohsolfuri di calcio come 
rimedio insetticida i juntjicida . Home, 192*2 — 3) O, TniNCHiEiii, Per un preparato 

anticriltognmico e mirtticfdd tneriftvolc di maggiorv considcrazionc , Florence, Italian rdonial 
A^rioultnral Institute, 1921. Puhlications 1 and 3 coiitam a eopiouH ljibIiogrflph\ on tliis 
BDbjeot. 
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while another complett^y independent and more powerful installation 
was prepared (Fig. 72 h-nd 73) close by. 

This was the beginning of the first industrial inanut‘iw;ture of poly- 

Ifeulphiiles of calciiini, towards 
the end of 1919, following the 
lines ot my patented i)ro(*>es8 
f^^r utilising the- sulphur deriv- 
ed fjom (he purilieation of 
illuminating gas. 

The maniifaeture of jioly- 
sulphides of ealeium from 
commereial sulphur dates back 
a number of years, and Ihey 
appear to have been us(m1 by 
HiiNDitiOK as fungicides since 
1833 ; then, since 1852, they 
were used in Aust ralia in the 
preparation of shei'p dips. 
In 1880, they wwe tii-st used, 
in California, on fruit t rees, but 
Prof. Pr:YRON of Turin had pre- 
viously in 1854 recommended 
their use against vine mildew. 

This remedy soon became used widely, esj)ecially against AspidiO’ 
tus perniciosus in America and Ohrysomphalus dictyospermi in Italy 
and elsewdierc*, but iti was alw^ays ])rei)ared by boiling, in a boihu’, a mix- 
ture of about 10 i)arts of quick- 
lime, 20 parts of jjowdered 
commercial sulphur and 100 
parts of water (Savastano’s 
formula). Boiling had to 
continue for 45 to 60 minutes 
and the operation had to be 
conducted with S])ecial care. 

The product obtained is a 
mixture containing mainly 
tetra- and penta-sulphide of 
calcium, in density between 
22 and 24« Baumc, that is 
to say too low to allow of 
transport to a distance. This 
process was therefore only of 
use for domestic manufacture. 

The novelty in the manu- 
facture which I established at 
the Gasworks in Borne consists in theuse of suli)hur from the spent oxide 
of iron, never before so used, and in the concentration of the mixture 
under reduced pressure up to 37-40° Baum^. A supej-concentrated 
mixture of polysulphicles of calcium was thus obtained winch is sold 



Fi«. 7.3. — Manufarturo of Jamc-sulpliur 
in “Sail Paolo GaP-uorlcH, Homo”. 

Vocumn-cvaporator. 



Fiu. 72. — Manufacture of l.iino-aulpbur 
in “San Paolo Gaa-workp, Home”. 


Reaction Boiler (on the left). 
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under the name of “ Supersolfo As has already been said, this 
product is an aqueous solution of various sulphides of calcium which, 
theoretically, may be five, that is le say comprised between CaS and 
Ca85 but in practice, if the n'anufacture is really successful, the tetra- 
and i)entasnlp hides (OaS^ and (JaHj) predominate in it, an«l to this 
fact is due the (dfect which it has on parasites. 

The concentrated solution of the?se two poiysuli)hides, if undis- 
turbed and kept from contact with the air, does not underg:o any 
perceptible cliauf^es and keeps well for a long time. 

The action ol “ Su])ersolfo ” on plant s is not only insecticidal and 
fungicidal, but also active, by reason of the elfect, now welkknowiji, 
which very linely divided sulx)hur has wlum deposited on the plantis 
treated. To this acdive action of ordinary polysulidiides is addcvj, in 
the case of “ Supersolfo ”, that of the iron which it contains in small 
quantities in a i)erfectly soluble (jondition. This proj)ert-y renders^ 
“ Su])erso]fo ” (ia[)ablc of exerting a double active action of plants, \ 
which makes it^ v(‘ry bemdicdal not only in controlling insects and fungi, 
as has previously been mentioiuMl, but also for sxu’aying on healthy 
plants witdi the ohj(‘ct of making t hem stronger and more resistant to 
the attacks of their numerous enemies. 

Tlie density of Hupersolfo ”, as has been previously noted, is 
between 37 and 40^^ 11, while that of the sidpho-calcic mixture made in the 
United States (“ lim(‘-sulphur ”) does not exceed 33-35*^ B. For apply- 
ing to plants, “ Sui)ersolfo ” should be suitably diluted with water ; 
thus for spring-summer use, 2 % solutions of it are made ; for winter use, 
the strength is doubhul or trebled. In these solutions con(‘-(mtrate(i 
extract of tobacco, arseniate of lead, soap, creolin may be mixed, but 
not cop2)er salts, nor Bordeaux mixture, because tliesi^ substances pre- 
cipitate the copper. Js^‘vertheless I have succeeded in preparing a 
“Supersolfo raniato ” (cuimc “Supersolfo”) containing perce])tible 
quantities of co])per in 2)erfect solution at any sl.ate of dilution and I 
have also been able to get a “ Sui)ersolto ” containing mercury in 
solution. 

When it is only int ended to make a few sprayings with “ Supersolfo ”, 
the co2)2H‘r sprayers used for Bordeaux mixture can be used, but for 
constant use galvanised iron or lead-lined or else brass or aluminium 
8j)rayers should be used. 

The ins(*cticidal and fungicidal pro2)erly of “ Sui)ersolfo ” is ex- 
plained in S(‘veral ways, but it may be admitted that its action is due 
both to the finely divided sulphur which is deposited on the plants and 
to the Bul2)hurett ed hydi ogen which polysulphides give off under the ac- 
tion of the carboniC; acid gas in the air. 

Although “Supersolfo” cannot be (considered as an universal remedy 
(no such remedy exists), it lends itself to the simultamcous and effective 
control of most annual and vegetable parasites, among which may be 
iiiention(^(l : 1) Ac-aridae — Aphides or plant-lice — Pyrales — Co- 
chylis — Tineidae — Worms — Coccidae (CJirysomphaluSj Mytilds- 
'pis, Aspidiotus, Lecanium, Diaspis, etc.) — Apple Ilyponomeute — 
Apple Pyralis — Eose green-fly — etc. 
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2) Bacterial (lis’ease of the apple — Brown-rust of the peach — 
Spot-disease of the pe9r — Snuits in general — Mildew of the peach, 
currant, etc. — Brown rot in fruit — Cycloconi mn olcagmvrn of the 
olive — Vine mildew etc. — Clasterosporihm carpophilum — Lat tic(*-rust 
of the pear — Mosses and Lichens — Olilorosis — etc. etc,. 

“ Supersolfo ” is also of proved eflicacy against mildc^ws especially 
that of the vine, for wliich it replaces sulphur p()wd(‘r, and is decidedly 
more economical and stronger in elTect. It- has been rej)(‘atedly tried 
with positive results against vine peronos])ora. 

“ t^upersolfo ” is also a cert ain remedy against, several parasit es 
of the tkins of domestic animals (scab or mange, ticks, lice, eczemas, 
etc.), for which it is ap]>licd by means ot dips t(» 5 litres of “ Suikt- 
80lf« ” per 100 litres of water, with the addition of creolin in the 
X)roportion of 5 per 100 of “ Sui)crsolfo ”). 

Method of use. — It clings to the leaves well ami makes a clean 
mark. It is advisable to giv(‘ at least- one wmtvr dressing to fruit- 
trees and vines, even if there are no traces of disease. In this way the 
idants are saved from many diseases whicli might- develop in t he spring. 

Two or three sprmg-surmncr dressings should follow. As a rule the 
number of the dr(\ssings is determined by the presence of thc^ parasite : 
if it continues t-o make it s a])pearance the t n‘atment ought, to be repeated. 

Doses — For the spring-summer treatment these will b(* : 

Water 100 litres. 

“ Supersolfo ” 2 litres, 

There arex^lants w hose leaves can well stand Jarg(*r doses, which are 
therefore advisable — when |)ossible — in tlu* event of s(‘vere attacks. 

For winter dressings at l(‘ast double the amount of “ Supers(dfo 
For baths to animals : from 3 to 5 xjer cent . 

Preservation. — “ Sn})c‘rsolfo ” if in S(*,aled rt*ceptables keijps a 
long time. E-ec-eptacles left half full must- be well corked. It- is ad- 
visable to mix with water at the time of using. Pure wat-er should 
be used if possible. 


30. — Ammonium-potassium sulpho-cyanate. 

The firm Alphonse Bitpont & Cie of Haren-lez-l>riix(*lles (Bel- 
gium) manufactured, before the war, a nitrogenous potassium b^rtil- 
iser called Ammonium-i)otassium sulpho-cyanat-e. For this jjroduct 
crude ammoniac, or other allied substances (furnishing sulpho-c.yanates) 
and residues from the manufacture of beet sugar (furnisliing potash), 
were used. 

Owing to its nature this fertiliser was little known and, as far as 
I know, no one had tried it in Italy before I did (1). It is generally 


(1) Cf. A. BiiUTTlNi, “ Sulla produziono di nuovi concimi azotati c suirinipiogo del Solfo- 
cianuro axjiraoiiico-potaaaico,”. Dullcllino della Societd drgli Agr^ci.^Uor^ Itahuni^ Year IX, 
pp. 20-21. Rome, 1904. 
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admitted that cyanogen compounds are poisondus for plants, even in 
small doses, so much so that formerly much impC)rtance was attributed 
to the quantity of sulpho-cyanatcs found in the sulphate of ammonia. 
But the facts have proved tha^y these fears were exaggerated. 

The fertiliser whicli I tested was a fine dry black x)owder contain- 
ing 4.5 to 5 % of nitrogen and about as much potavSh, phis 0.5 % of 
naphthalene. The nitrogen was found for the most i)art in the form of 
sulpho-cyanate and in a small degree in the animoniacal or nitric forms. 
Spread on the ground this fertiliser rapidly oxidis(iS (see Cyanarnide of 
calcium) being converted into carbonate of ammonia, then into nitrate 
on the one liand ; into sulphur, t hen into sulphate of i)ot,ash, w^n the 
other hand. \ 

I ascertained that these reactions are prox^ortionally more n:pi(i 
when the soil is friable and carbonate of lime is present. ' 

The action of this product is both fertilising and insectifugal. 
Several trials of it have been mad(‘ in Belgium, with good results, on 
sugar-beet, cereals, etc. ; it is apidied .3 or 4 weeks before sowing. I 
have tried it on various (‘rops, apjdying it both befor(^ and during their 
growth and T have been able to coiKiude that during growth it is 
injurious to gourds but in no way to wheat, which shows a peculiar 
resistance to the action of siil])ho-cyanat.es. 

Owing to the rapid conversion of the nitrogen of the ammonium- 
I)Otassium sulpho-cyanate into aimnoniacal nitrogen, its use in manur- 
ing should be mainly determined by t he cost of the nitrogen and x>otash 
which iti contains. 


31. — Explosives left over after the war. 

The very large quantities of these exjdosives, in all belligerent States, 
gav(‘ rise to numerous proposals for utilising such as could not be kept. 
Bestroying them was the simplest means of getting rid of them : this 
was effected easily enough by throwing them into the sea, a lake or a 
river but, besides fouling the water, tlu* latent mechanical force and the 
chemical action which certain comi)OundR in these exidosives could exert 
in the soil would thus be entirely lost. 

Among the many suggestions made, two attracted inost attention 
and have been most widely applied on a large scale : — the use of 
explosives in agrieultiire, especially for clearing and breaking up land ; 
the utilisation of t he nitrate of ammonia as fertiliser. 

The former use cannot be dealt, with here (1) ; on the other hand the 
latter, apidied by the method invented by Prof. F. Garelli and 
M. Angeletti of Turin (2), will be briefly described. 


(1) Of. A ilutTTTiNi, “ Sull’uso degli osplasivi in agricoltura ’* in UAgricoUura »ta- 
liana ilhisirata. Year I, Nos. 4 and 6. Milan, 1919. 

(2) Cf. F. Ga.iiei.i.i and A. Anoeljcttt. “ Proparazione di concimi azotati-potassici me- 
diante gli esplosi vi a baao di mtrato ammonico ” in Giomale dtCh^mica indwitriale e appHoatOf 
Year III, No. 9. Mdaii, 1921. 
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This method contfists in prei>aring mechanical mixtures of the ex- 
plosive with inert master snch as sand, earth, pulverised leucite peat ; 
these mixtures have been generally well received by fiirmeis. 

The foreign constituents which arctfound in same exjdosives (bi- 
nitronaphthalene, nitrotoluene, various organic matters) are in relatively 
small quantities and consequently not injurious. 

But when thes(^ constituefit.s have to be sej)araled their quantity 
makes ii necessary to us(‘ water which readily dissolves the nitrate of 
ammonia so that concentrated solutions of it. are obtained. Instead 
of evai)orating these solutions at great expense, t lu*y are mixed with 
peat ^ist and a nitro-amm<miacal fertiliser is obtained rich in 
humus, neutral, porous, which kee])s well wdien the moisture does not 
excged 25 %. In these conditions, it is inert, (‘asily transported and 
spread. 

100 parts of peat with 15 % of moisture reailily absorb 150 parts 
by weight of solution of the ex]dosive containing 80 % by volume of 
nitrate of ammonia, and 250 parts by weight of fertilis(‘r containing 
28 % of moisture and 13 % of nitrogen are thus obtained. If it. is ex- 
posed to the air and stirred the moisture in it- can b(‘ r(‘duced to 20 % 
which increases the nitro-arnrnoniac proportion to 14-15 %. 

Another method of utilisation for which t-h(‘ writers already 
quoted are re8i)onsible consists in adding to the con(‘entrated solution 
of nitrate of ammonia salts such as chloride or sulphate of potassium 
and chloride of sodium. The most suitable mixture^ appears to be that 
with chloride of potassium ; to 100 litres of 80 % solution of nitrate of 
ammonia 78 to 80 kg. of commercial chloride of potasvsium is added 
and heated to boiling ]ioint- to obtain complete scdut.ion. This is stirred 
and allow'ed to cool, then filtered by suction to separate^ tlu' mother 
h’quid, or the crystals mendy allowed to diain. About- 150 kg. of 
double salt nitro-amrnonium-potassium chloiide and 35 kg of mother 
liquid containing 8 to 10 % of total nitrogen ar(‘ thus obtained. This 
salt contains : total nitrogen 10.82 % (including 8.41 % of nitric nitro- 
gen and 8.41 % of ammonia-cal nitrogen) — potash 31.15 % — chlor- 
ine 23.11 % — moisture l.GO %. Of the nitrogim contained in the 
solution of the ex])losiv(‘, 90 % is found in the mixed crystallised salt. 
What passes into the mother liquid can be easily utilised by absorption 
by means of jieat dust- (35 parts of mother liquid H- 25 parts 
of peat). 

A nitro-ammonium-poiaasic peat is thus obtained containing 18 % 
of moisture, 4.6 t-o 4.7 % of total nitrogen and 18 % of chloride of 
potassium. 

To sum up, from 100 litres of solution of the explosive (<lensity 
= 1.30), 150 kg of nitro-ammonium-potassic salt and 45 kg. of nitro- 
amrnonium-potassic xjea-t are obtained. This double nitrogenous- 
potassic salt forms a concentrated non-hygroscopic fertiliser, easily 
kept and transported, capable of being mixed with earth or other inert 
substances and easy to apply. The binit-ronapht-halene which i)a8se8 
partly into the solution of the explosive gives this salt a yellowish 
colour helping to characterise it. 
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32. — Sodium bisulphate and So^a residues. 

• 

This is a by-product of the nianufacture of sulphuric acid by the 
use of lead (diainbers, for which there is required a current of various 
oxygenated corfij)Ouiid8 of nitrogen, Vhich oxidise the sulphurous 
acid into suli)huric acid. Tliese nitrous compounds are obtained by 
treating nitrate of soda with* sulphuric acid, and bisulx^hate of soda 
remains as residue. r. 

This salt has had many U8<‘S owing to its acid reaction. ,j^mong 
other uses, it has been recommended to mix it in the proportion otf 
2 to ] witJi leatluu’ i)aririgs and to heat the whole to 300^ C., an ttperi 
aiion during which the nitrogen in th(‘ leathtu* is in a large d(‘.gree\ 
converl(‘d into sulphate of ammonia ; the x)roduct is mixed with min-\ . 
eral su])erphosphate and used as fertiliser and also as a weed killer. \ 

During the war, as there were large quantities of bisulphate 
of soda available in Germany, it was used (“or making double sulphate 
of soda and ammonia (containing 9 io JO % of nitrogem) by saturat- 
ing it with ammonia. It is said that this lertiliser gave good results. 
Itj was, moreover, known that a mixture of suli)hat.e of ammonia and 
chloride of sodium had given in xuevious experiments a higher sur- 
jdiis yield than sulphate of ammonia used by itself, which xu'oved 
that soda might jiartly rexdace x)otash in manuring (1). 

Ei8ul])hat(‘ of soda is used in industry as a powerful ilux. Be- 
fore tJn‘ war tJie utilisation of the x)otash in leucite and pkonoUtc had 
been discontinu(‘d from juactical and economic considerations, but 
it was reviverl in many })laces during the war and bisuli)hate of soda 
was used in several i)atented processes conjointly with other fluxes 
and reducing agents. 

All this fresh research w'as expeeded to lead to tlie solution of 
the problem of the supx)ly of potash salts in various countries, and 
among others in Italy ; but the result was the same as that of pre- 
war research, namely laboratory an<l field experiments showed that 
the molecular structure of these double silicates of alumina and po- 
tash is so resistant that fluxes, reducing agents and high temx)eratures 
do not achieve the practical result of rendering the potash soluble 
in w^ater, as are the ordinary potassie- salts of Stassfurt and Alsace. 

Th(‘ leucile and phonolite problem is thus once mor shelved leav- 
ing a clear field to trade in these x)otassic salts. 

It is to this conclusion that I have been led by personal experience 
during a long series of researches (still unpublished) in the laboratory 
and in the factory, made during the w^ar with leucite at the 8. Paolo 
Gas-works (Eoine), with various processes for attacking leucite in 
furnaces of a new kind ; I always obtained partial results, as indeed, 
all other experimentalists have done. 


(1) Cf. Dr. H. Grossmann, R. Rukb, W. v. Fj..ugoe, Beitrdge zur Kriegewirtachaft 
" Diirigornittel im Kriejje Berlin, 1917. 
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Lately Professor -E. Patern 6 has supplied information (1) as 
to his process patented in 1919, consisting in the extraction of potash 
from leucite and from other silicates of potassium by means of treat- 
ment of the silicate in a powder with n solution of sodium chloride 
or other alkaline-earthy or mineral -chlorides. This is done in an 
autoclave under certain conditions of pressure, temperature and lime. 
The author states tlAit in this Vay 90 % of the potash of the leucite 
passes into solution. 

There are other similar patents, but tli(‘ economic advantage as 
compaiicd with that of the ordinary mineral salts of })otush is still to 
be det(f*mined. 

The soda residues are of variable composition : they ccmtain prin- 
cipajly sulphur of lime (t'alS), quick lime, calcium carbonate, alu- 
ininale and silicate of soda, and (iarbon. Tlu^y are chiefly used to 
recover the sulphur by various ])rocesses, but fhere is also the Ia)M- 
BARD process (2), by which use is made of them to obtain preci|)itated 
phosphate (dicalcium phosidiate). These r(‘sidues tr(*al(*d with sul- 
phuretted hydrogen give a sul])hydrate of linu^ which if brought into 
contacti witli a monocalcium ])hosphate [)recij)ita1es dicalcium phos- 
phate*. 


33. — Residual Lime from acetylene, etc. 

This is the calcium hydrate renuiining as residue of the treat- 
ment of calcium curbide with water for tlii* pur])ose of disengaging 
acet ylene, according to t he well-known reaction : 

OaCa I 2Tl2() (X 2 IL, I CalOll). 

Calcium Caibido Watci Acotylonc UvtJralo of calcium 


This lime can be used as a fertiliser once it is dried and reduced 
to a powder in the air. It is also of use to whitewash and disinfect 
hen yards (8). 


34- — Basic Slag. 

This is mentioned here merely to recall it, since though strictly 
a residue of the steel industry, its long established importance places 
it among chemical fertilisers produced on a large scale. 

For an account of this therefore the reader is referT(*d to works 
dealing with chemical fertilisers. 


(1) Cf Oiorn. di Chim hid e Appl , Year No. 1. Milan, 

(2) P, Baud, Chimie mduHtnell©. Maason et Cie PariH, 1022, p. 71. 

(3) The hni© may be supplied to the soil by other residues, as : Ground liitie, Gas 
lime, Lime Mud, etc. Cf. D. A. Gilchrist, Lime and its uses in ARriGulLure. Agric. Dep. 
Ariratrong Gollegi^^ Newcd’iile-on-Tyne. Collie BuUfim No. 12, 1023. 
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35. — Soap work residues (1). 


A (listinctiori must be between soaps made with soda and 

those made with potash. In the former ease the residues have a 
poor iertilisin^ value ; in the second, on the other hand, their value 
is much lii^^her. ‘ • 

Eesidues consist in a mlxiure of: bme, lime combined with soda 
or potash, sulphate of lime and soda, lye ashes from the lixivated 
ash, sodium chloride and calcium chloride. These two last substances 
are the result ol! the separation of the soap from its saturated ^)?oluti op 
with s(ia salt. \ 

It is obvious from these c.omponents that this residue cejmot 
be spread directly as a fertiliser and must be employed in limited 
quantities, and mixed with comx)osts, where it should remain long\ 
enough io lose its causti(‘< quality, very injurious to plants. \ 

This residue does not rex)ay more than trifling costs of transport 
and is not usually in dcunand. 


36. — Residues from minerals containing radium (2). 

After the radio-active material has been extracted there remains 
in the special minerals tn^ated a very small quantity which commu- 
nicates to the residues a slight radio-activity but one that is effic- 
acious with plants. These r(‘sidues, reduced to a fine powder, 
are mixed with stimulating chemical fertilisers. It should la^ noted 
however that) tlu* action of t;hese residu(‘S is not uniform. It appears 
that radio-activity encourages nitrification. 

The average quantity of I'adio-active stimulant to be applied 
per acre is 20 kg. 


37. — Fertilisation by means of carbon dioxide. 

This is a question mooted some years ago and still much debated. 
The opinion of many is in favour of this kind of manuring, but there 
are also many contrary oi)inions. It is for this reason that an explan- 
ation of the matter seems in place in this work (3). 

(1) Cf. J. Fkitsch, op cit. 

(2) L. Fournier, J^eR Htimulauts radiO'actifH on Aj^nculiuro Lour role tlauR los engruis. 
Libr do I’lnat Nai. Agr Paria, s. d 

(3) A dotailod armlysia of tlus aubjeci, baaed on various enquiries was published in the 
Internat He.maiv of thv Svicnev and Practtcc of Agriculture (International Institute of Agriculture) 
July 1921, No. 704, and January 1922, No, 19. It will be worth while io Gonsull. this for 
more detailed infonnatum on the aiib|eot and for the bibliography. See also : Annuario 
Scienttfiro v Iruiu&trtalc, Year 57, 1920, v 2, p, 137. Milan, Fratelh Troves, 1921. Among 
the cxporiniunta made in Germany with this waste from the blast furnaces the principal 
were thoae of the founderioa of Hugo Stinnes and the Doutsch Luxemburg Co. at Horst. 
(Cf. The C'hcrn. Trade Journal and Chrm. Eng.^ v. LXX, N(r. 1S14, 1922, p. 243). 
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The carbon dioxide of the soil is of great importance to the plants 
(Bornemann ) and it^is in direcl. relation to the bacterial activity 
to which the repeated ploiighings and additions of organic matter 
largely contribute. ^ 

For the application to the soil of the carbon dioxide eseapingy 
as refuse gas, from generating furnaces, blast furnaces, etc., 
there as been adopted in Germany a special system of metal tu])ing 
made of pipes j)ierced with lioles, jdacefl in the ground and fastened 
to a large pijje into which the carbon dioxide is forced by fans. 
Experimenting with w’^heat, oats and otluu’ plants, Boknkmann ob- 
served j that in all cases there was a i)erceptible incr(‘ase of yield. 
Fischer experimented in 1919 in carbonication of poor land, with 
fennel, soya, beetroot, lupins, haricots, tomatoes, etc. and obtained 
satisfactory results. ITt‘ observed a bettc^r result, was obtained from 
the action of the carbon dioxide when tiie land is well manured with 
all the nutritive* matters possible*. This use* of ne)n-biological carlxui 
dioxiele is only peissible in the neiglibourhood of factories. For the 
generality of lands the carbein elioxide employed has to be obtaincMl 
by decompositie)!! of the organic matter supplie*d t o the soil. C'EAAssen, 
without denying the valuable aedion e)f nond)iole)gic.al carbon dieixiele, 
does not believe in tlie prae*tical peissibility e)f its application and eloes 
not feel that the me'lhod can be one e)f ee'oneimie*, value, while tlie 
employment of organic fertilisers to bring about “automatic carbonic 
manuring ” is alvays ach antageous. 

Eeinau and Bornemann, replying to Claassen’s observations, 
while in no way undervaluing the use of biological carlion dioxide, 
admit that the employment of non-biologic.al carbon dioxide might 
be encouraged by State subsidies for installations and t hat if not 
suit.able for field cultivation, it is so for kitchen gardens and other 
gardening. 

Keinau is equally in favour of the use of non-biological carbon 
dioxide, but Eippel, who does not share his opinion, says that the 
increases of yield have b(*en obtained by an extension of the use of 
fertiliser ancl by irrigation. It is fantastic according to liim to 
believe that by augmenting the percentage of carbon dioxide in the 
soil atmosphere from 0.0300 to 0.0302 %, a 20 % increase of yield 
could be obtained. 

Biedel however is strongly of opinion that, an installation of 
tubing does not present any special dilliculties and the distribution 
of gas and its concentration can be regulated at any hour of the day. 
In the neighbourhood of blast furnaces thousands of acres can thus 
be gassed. The branch pii)ings laid 25 m. aj)art and 100 rn. long only 
require about 180 m. per acre (100 m. per morgen) of piping. The 
power required to force the gas through the pipes is moderate if juo- 
vided by a fan. Further in conclusion Ktedel agrees that organic 
manuring is always advisable, but that there is no need to rule out 
the mechanical kind, as apj)reciable results will have been obtained 
if only a few hundred thousand acres in Germany are treated 
with gas. 
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Blast-furnace gases can also be utilised a'Zter they have served 
as motor x)ower in the gas motors, from which efchey can be delivered, 
like the waste gas, into the tubing installed on the land. Even 
if they contained carbon monexide in consequence of incomplete com- 
bustion, this gas would not be injurious to the plants. 

He adds that gassing should and may be emidoyed everywhere 
where conditions are favourable to* further Aevelopment of the 
Xjrocess. 

According to T). Eiedel the quantity of carbon dioxide given 
off per day by blast-furnaces producing 1000 tons of cast-iron and^ 
consuming 1100 tons of (‘-oke, if completely absorbed and assiV'nilatedj 
by ijotatoes, would produce 4000 tons of tubers. 


38. — Human Excreta. “ Flemish Manure 
Engrais Flamand. 

Human excreta liave been used from time immemorial as fer- 
tilisers and are still so used in many countries, and in some, as will 
be seen, they are of special iini)ortance even ranking above every other 
kind of manure. 

An adults human being x>roduces daily about 2,75 lbs. of excreta, 
of which 2.4 lbs is in the form of urine and 0,33 lbs. of faeces. Tn estim- 
ating the total amount of excreta produced by a population, differ- 
ence of age, tyi)e of f(H‘ding, work and the inevitable losses during 
excretion, collection and xu'eservation must all be taken into ae.e.ount. 
Persons who live well and consume much meat and are not engaged 
in continuous and arduous work eject matter which is richer in fer- 
tilising substances than that produccMl by i)ersons less substantially 
fed and w^orking under more onerous conditions. Children and 
young x^ersons assimilate from their food more nitrogen, x^otash and 
I)hosphoric acid than is the case wdth adults. 

Muntz and Gdiard as the result of a long series of experiments 


have ascertained that the average 

daily amount excreted per individual 

are as follow^s. 

Faeces 

Urine 


gin 

gin. 

Quantity (natural condition) 

. . 133.00 

1200.00 

)) (dried) . . . . 

. . 30.30 

64.00 

Nitrogen 

. . 2.10 

12.10 

Phosxdioric anhydride. . . . 

. . 1.64 

1.80 

Potash 

. . 0.73 

2.22 


The figures show that urine is richer than faeces, especially in 
nitrogen and xiotash. 

The composition of the excreta is very complex. The faeces 
contain small quantities of albuminoids and fatty matter, partly 
saponified, biliary substances, lecitin, fatty acids, taurine, indol, 
scatol, phenol, certain soluble salts and phosf)hates. According to 
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Beez^ius the faeces •have an average of 75 % of water, 21.72 % of 
organic substances, of which 2 % is nitrogen, mineral substances 
3.28-3.75 %! Urine contains urea, uric acid, hippuric acid, mineral 



substances, colouring matter etc. and its percentage composition is : 
water 93.30 %, organic substane^cs 4.85 % including nitrogen 1.42 %, 
mineral substances 1.84 %. 


The manure which comes from the mixture of faces and urine 
in privies is known 'as “ Flemish manure ” (Engrais fiamand) be- 
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cause of its long use in Flanders ; it is however also commonly em- 
ployed in other countries, such as Alsace, Altmiagnc, etc., Provence 
and le Daui)hin6. In Italy it is chiefly used in tiie central area, espe- 
cially in Tuscany, its ai)plication being most intense in the district 
of Lucca and the [)lain of Pisa where, as in Flanders, the farms are 
provided with a cist(*rn in stoneware in which the sludge brought 
in special barrels from th(» ce-ntres of population is stored. 

But the most remarkable and characteristic instance of the use 
of human excrements as manure has been provided from time im- 
memorial by China and also by Corea and Japan (1). The fuUowin^ 
details are of interest (2). | 

For a population of 400 millions, reckoning the annual amount 
of excreta producuMl per individual in liquid and solid form at 1074 IbsA 
the total annual production would amount to 194,800,000 inetric\ 
tons of wich it is estimated that 129,800,000 are used for' 

fertilising purposes. 

Assuming that on analysis this manur(‘ contains 1.03 % nitro- 
gen, 0.20 % phosjdioric acid ami 0.24 % ])otash the following are the 
amounts and values obtained each year, leekoning the unit of ni- 
trogen as worth 41 c(uits, the unit of ])hos])ho]‘i(j aiiJiydride 22 cents 


t-lie unit of potash 27 cents: — 



Millions of Ib.s. 

Millions of k^. 

Millions of dollars 

Nitrogen 1799 

810 

360 

Pl)osj)lioric anliy»lii(l(*. 569 

258 

57 

Potash 08;t 

310 

85 

Totals. . 3051 

1384 

502 


These totals show how imj)ossible it w^ould be to attempt to substi- 
tute chemical fertilisers for the manure produced by human beings. 

The gn^ater part- of the manure lu'oduced is not liowever put 
on the market- but used on tlie spot. The value of that actually 
bought or sold may be (‘stimated at about 50 million Chinese or 30 
million American dollars (3), 

(1) Cf. F, H, Kin<j, Fiirmcrs of ftirty cent.uriwB or pormaiieni agriculture in China» 
Korea aiul Japan . Maclinon, AVis , 1911, p 19.3 

(2) Cf. The American Fertilizer, v LlV^ No 10. rbiladelphia, 1921. 

(.3) In connection with the iiHe of “ FlemiBh manure” m Cliinu, the following pasBage 
taken from nn 18th. century book, which bourB out the methodB of use shown in the il- 
lustration, aecrns to be of inlerest. ” The workor^^ are chiefly concerned with rice-cultivation ; 
they carry the rnunuriiig of the soil to great lengtiia and for this purpose collect every kind 
of ordure with minute care, including the excreta of human beings, dogs, pigs and other ani- 
inals which they exchange for w'ood, grass or linseed oil. This kind of manure wliich elsewhere 
would be likely to damage the crops is ex<*romely valuable for Chinese sods and the Chinese 
also knows how to dilute it wdth water before use. The manure is collected in baskets which 
are generally covered and carried on the shoulders and the whole process makes for the clean- 
liness of the towns from which the excrements are carried away daily (Cf. J.B. duHALDB, 
Description gcograpluqiio etc , de TEmpire de la Chino et de la Tartarie Chinoiso, v. II. 
Paris, P. G. Lemercier, MDCCXXXV. p. 64). 
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A large part of tlie manure known as Chinese taffo is in the form 
of dry bricks, consisting of human excrements mixed with clay. This 
method of preparation known as the earth system has the advantage 
of making the sludge inodorous within li short time and of facilitat- 
ing drying when the contents of special tanks, in whi(di liuman ex- 
creta are collected and from time to time covered with clay, are ex- 
posed to the air ( 1 ). ’ 

According to figures given by W 01 .FF, Kellner and Carpenter, the 
population of the United States and Europe' ])our annually into the 
sea, the rivers and subterranean waters, from to 5130 nu'tric ions 
of nitrogen, 853 to 1880 tons of potash and 352 to 1385 tons of phos- 
phorus for each million of the adult i)opidation. 

in the Ear East according to G. H. King (2) for more ihan 
30 centuries these enormous quantities of refuse* matt(*r have bee'ii 
religiously ulllised. To-day 400 million adults are employing in 
agriculture 150,000 tons of phosi)horus, 370,000 tons of i)otash and 
1,158,000 tons of nitrogen, su])plied by Ihe total mass of over 182 mil- 
lions of tons of excreta, collected from house to house in town and 
country and sold to the farmers. (See figs. 71, 75, 70). 

As absorbents for human (*xcremen 1 s ashes can also be used 
with the addition of sulphuric acid and coal dust and then air dried 
(Eochdalle system) or the residues from wool faciories, chopped 
straw, etc. (System Goux). 

Peat is also an excellent absorbent when us(*d dri(*d and powdered 
in the proportions of ^5 to of the crude manure. Dry sawdust 
and tan refuse have a similar but less marked a(iion. 

The following system of collecting human excr(*ta is frequ(*ntly 
used on farms in Tuscany. A manure pit is constructed of masonry 
with an adjoining cesspit over which is built the farmer's family 
latrine and with which are colh*(ied, in adilition to the solid and 
liquid excreta of tin*, family, the sludge* liquid from the dungheaj) and 
the stable urine. When the dungheap n^quires moistening the* li- 
quid from the cesspiti is poured over it by means of the* sludge pump 
and when the manure is actually being used it is mixed wdth the con- 
tents of the cesspit or sometimes these are us(*d se|)arately for crops 
at different stages of the growth process, as for (*xampl(* for maize 
at the time of earthing up, etc. 

If this method were generally followed in count ly districts, the 
problem of the collection and improved utilisation of human ordures 
would be solved, but the system is clearly applicable only to countries 
where agriculture has reached an advanced stage and where the 
capital available for each farm is sufficient to provide tin* dung pit 
of masonry and its accessories. Even however in countries where 
agriculture may be regarded as advanced, the manure produced by 

(1) In 1908 (Cf. F H. Kinu, op. cib , p 194) the town of Shanghai enlered into a oontmet 
with a Chinaman, allowing him in return for a payment of 31,000 gold dollarK the right to 
collect 78,000 tons of human ©xcremerifc for sale to farmers. For the trniisiiorl oJ the manure, 
fleets of boftts are employed the whole year round. 

(2) Op. cit., 104, 
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human beings continues to be lost in many districts and thus an im- 
portant source of wealth is dissipated. ^ 

The “ water ” and “ everything to the drains ” systems are the 
cause of vast losses of fertiMsing substances ostensibly necessary on 
hygienic groun<ls. The water ” system is generally governed by 



Fig 75 — Transport of hiiinuri ©xrrotH in China 
from tho town to tho rice field by ” the farmor’H boat 

(fleprodiicod from tho work knows as Ch’n ting shon shih 
t'ung k'ao, the great treatise on agriculture produced hy order 
of the Emperor UH’ikn Lung, 1736-1796. Book 35, Sheet 8, back). 

the principles of the English water-closet, in which the excreta are 
mixed with large quantities of water and not allowed to be collected 
in cessiiits, which require very frequent emptying by artificial means. 
The water and the excreta are all x>aBsed into the drains (according 
to the “ everything to the drains ” system) or, where this system is 
not in vogue or it is impossible to transfer the matter straight to 
the drains, septic tanks with fermenting layers are ntilized in 
order first to liquefy the unex^iosed faecal matter by fermentation 
and afterwards to purify the water by means of porous bacte- 
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rian beds through Ifermentation, mainly nitric, while exposed to 
the air (1).. • 

Many large towns have adopted the Calmette method for the 
purification of the water, arising from the “ everything to the drains ” 



Fig. 76 . — Mttnunnft rico-fielde in Cluna with human excreta. 

The manure is distributed among the seedlings by moans of a sinall wooden bucket. 

Reproduced from the work kuown as K'ang-hsi yH chih king CVi‘tn Vu or " Picturea of agriculture 
and ailk-worm breeding published m 1696 " by the Emperor K^a no -HS i (1662-1723). TJih veryirare 
work ill two volumes was presented to the International Institute of Agriculture by His Excclksncy the 
President of the Chinese Republic in 1920 (2). 


system, a method wliich, while being quite the most satisfactory 
from the point of view of modern hygienic requirements, r(‘.quire8 
a heavy expenditure both for setting up the tank^Jand engine plant 

(1) Cf. A. Bhuttini, Fossa Rottica coil filtro biologico, in L’7nj/rjynm« Year IX, 

No. 19. Milan, 1913. 

(2) For more detailed information w^ith regard to this work, cf article by G. Peruis 
in the Intemattonal iCeview of^thc Setenoe and Pr<u:Hce of Agriculture. Koine, SeptemV»er, 1921, 
No. 9 , p. 1137. 
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and also for actual working. When it is not possible to collect the 
manure in a sjiecial cesspit, the “ earth ” system may be considered 
the best alternative, as it allows the excreta to be preserved and ren-’ 
dered odourless without any expondit ure of water. This system is 
in effect that followed by armies in the field, though in this case the 
l)its made in the open air are filled un and abandoned whereas on a 
farm they are periodically fuuptied of their contents which can be 
preserved in heaps either under cov(*r or in the general manure heap (1). 

During the war the arloption of the “ earth ” system was recom- 
mended to Italian farnuu's in (iases where the land was lacking ifn 
fertilizers and had only siifiicient water for the actual needs of tllo 
persons on tlui farm and the ciattle, two types of reservoir with lA- 
trine attached being suggested. The first consisted of a pit enc«4se(i 
in stone or well fitting baulks built above the soil level and provideii 
with an opening for clearing. In the uyjper part, forming the floor\ 
of the latrine, is the opening and by its side a h(‘ap of fine clay soil, ' 
thoroughly dried (2). A slight roof and an entranc(‘. stair are also 
provided. Each time the latrine is used, a few handfuls of earth 
should be thrown down and all that remains is to ei>ipty the pit when 
full. The contents wlun k(^pt, under any form of shelter are soon con- 
verted into ii homogeneous soil of great value as a fertiliser. 

The general arrangements in the second type are identical ex- 
cept that the pit is below the ground level and has at least one side 
ch*ar with an opening for clearing. 

Su(;h arrangements are of simple construction and inexi)ensive 
and, as t hey enable the excreta to be (iollected, soon repay their cost. 
A sketch is here given of a latrim* and reservoir, generally resembUng 
the tyj)cs above described (see fig. 77). This is the class of earth 
closet in use at Weslboro, Mass., U. 8., since 1817 and the illustration 
is taken from an article on human excreta by G.M. Warren (3). 

It docs not apj)eaJ‘ that during the war any very serious attempts 
were made to us(‘ on a larger scale than in the i)ast the excrements 
Avhich generally are almost entirely wast ed so far as agriculture is 
conc(‘rned. Where howtwer they wer(» utilised they are still employed, 
and in many districts as for exam])le in Central Italy the tendency 
has been, despite* labour shortage, to increase their use, in order, 
if only y)artially, to make good the marked shortage of chemical 
nitrogenous fertilisers and the constant rise in their price. 

The use of human manure is undoubtedly primitive and up 
to a certain point possibly unhygienic, anil the necessary improvements 


(1) The “earth ’’ system was reoummeailed duriiig the war in Germany by Professor 
Hoffmann, an otficial of the Deutsche Londwirlschafts Gesellschaft (Gorman Farmers* 
Society). 

(2) It is easential to uso clay soil; sandy or gravelly soil is unsuitable as being insuffi- 
ciently absorbent. 

(3) 1) Geo. M. Warren. Sewage Disposal on the Farm. Yearbook of the Dept, of Agr.^ 
Washington, 1916, p. 347. — 2) Sewage and Sewerage of Farm Homes. V. 8. Depart, of 
Agriculture, Farmers'’ Bulletin, No. 1227, January, 1022. 
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can only be brought about where it is possible to use modern methods 
of collection, transi)or1, and preparation on a large scale. 


It may be worth while briefly to refer here to two kinds of refuse 


Tafla which have long been 


known as “ Koufri “ Marog ” and 
used in Egypt, and undoubtedly 
contain large quantilies of human 
excretions (1). 

“ Koufri ’’ is of distinct impor- 
tance for agriculture both in Up- 
per an4 Lower Egypt. It consists 
of the refuse accumulated in the 
ancient villages mixed with various 
kinds of organic detritus. Its 
chemical nitrogen content is the re- 
sult of the almost complete absence 
of rain, which allows nitrification 
to take place without loss of 
nitrates, it is impossible to esti- 
mate the value of this refuse but it 
must be considerable and for many 
years it has provided a fertiliser to 
supxdement the ordinary manure, 
large quantities being transportetl 
by means of the Nile to great 
distances. The mass is screened 
before loading to get rid of stones, 
fragments of brick etc. It is chiefly 
used in the cotton fields, but also 
for cereals ami sugar-cane. The, 
nitrogen content varies from 0.20 
to 0.75 %, phosphoric anhydride 
from 1 to 1.75 %, potash from 1 
to 2 %, chloride of sodium is also 
found in amounts varying from 
0.6 to 9.4 %. 

“ Marog ” or ‘ Tafia ” is found in Ui)per Egyx)t only, where it 
is largely utilised. 

It consists of a limey clay, rich in nitrates and is found among 
the hills of the Southern Desert. It contains varying amounts (from 
1 to over 16 %) of nitrogen in the form of sodium nitrate and in addi- 
tion sodium sul|)hate (1.16 to 5.28 %) and sodium chloride (3.97 
to 6.26 %). This high content in salts is a source of difficulty, which 
makes it necessary before using it as a manure to pay special atten- 
tion both to its composition and also to that of th(i soil. 





77. — Privy working with dry soil 
oarth-nloHot loiimLudinal aoction 


Koprijited from IJ. 
Yearbook, 1916. 


S. Dept, of Sericulture 


(1) Cf. : 1) Geo. P. Foadicn, Two Nutural Nitrogonous Munurea employed in Egypt. 
Khedivial ^Agricultural Socieify, IvO Cairo, 1905. — 2) Mosssiii, V M , Influence du Koufri, 
<iu Marog et d© la Tafla, in Bull de VUnion des Agric. d*JSgypt€, No 160. L© Cairo, 1923, 
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The best type of “ Marog ” is found on the surface, to which 
as a result of capillarity the nitrate rises : in practice 24 % of nitrate 
is often found at the surface and 3 % only at a depth of 
a foot. 

JS^atiirally tlie best sort of ‘‘ Marog ” i)ays well for carriage even to 
long distances. The natives take advantage of the capillary process 
and remove the topmost layer only, waiting until tlie uncovered sur- 
face is again enrielied from below before taking further supplies. 


Praio, sawdnsi eic. as absorbents for nighl-soil (1). — The ali^orbctat 
power of i)(‘at dust and lignite, sawdust, tan refuse, olive lees, ere. 
has be.rui used by the writer for the pr(‘])aration of fertilisers of which 
night-soil is the base, flu* method adoi>t(Ml being as follows. ' Tne 
night-soil is mixed with a suitable quantity of one of the substances 
mentioned iii an iron drum hermetically seahul which is ritted with ^ 
mechanical Shaker, a steau) heating tube and a suction j)ipe to ex- 
pel the foul gas. As a result of nitration, heat ing and suction the 
mass is quickly dried and remove<l through an opmiLng in the lower 
part of the a})j)aratus. The following tabh‘ slu ws the absorbent 
l)rop(U’li(‘S of these substances after air drying. 


IN'at 

Sawdust 

Tan r(‘fus(‘ . . . 
Olive lees . . . . 
Vulveriz(‘d lignite 


litres 500-700 % 
.. 420-500 

). 100-500 

IGO 
34 


If it is (lesii'cd to use them as absorbcmts for night-soil contain- 
ing 95 % (d‘ water, tlie following (juantities must be used : 


3'\)r earli 19''> lbs. of ' 

Peat . . . 
Sawdust. . 
Tan-refuse 
OUve lees 
Lignite . . 


IN of iiighl'Hni] 

520-726 % 
442-526 
421-520 
168 
30 


These ligures might be considerably increased. 

By using powdered lignite, which has the lowest power of ab- 
sorption of the substances to which reference has been made, 
an almost odourless manure has been obtained, shown by Prof. S. 
Gbimaldi’s analysis to contain: nitrogen, 1.737 %, phosphoric acid, 
1.09 %, potash 1.35 %, 

In order to givt‘ some idea of the enormous quantity of fertilis- 
ing material produced in human excreta throughout the world, most 


(1) Cf. A Hiuittini, Fubbrinaziono rapiUa di concime a obttso di pozzonero e materie 
assgrbenti, in L'Ayricoftvra iUiliuna, Year XXIV, No. 383. Florottco, 1898 
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of which, is lost to agriculture, the average figures are taken for the 
content of "Buch material in faeces and urine per individual j)er day, 

i e nitroeoD ^ ^ ^ anhydride i3.44 gm. poi ash ( 2.95 gm. 

' ^ (0.5 oz. j0.125 oz. jO.l oz. 


« • 



A. 1} V 


Fi^ 7S. — Diu^rum showing flio ri‘hitiv<‘ ariioiuits oi foihli/itip siibht unco's 
contanunl in tlm luiiiuifi ox i re I a. iirudiiond om-h v tun* in (ilJ cajulal (^lion 
(fi^iiJOH from ttio Fulilo on iip 294, 295) 

A A if room — 11 Phosphortc arthpdnde. — (’. J*olnhh. 

Hence for a world xiopulation of 1,825,878,779 inliahitanls (1) 
the figures are : 

Mttrjc toiiK pi*r day Tons per year 

IS^itrogeii 25,927 9,463,355 

riiosphoric anhydride. . 6,281 2,292,565 

Potash 5,385 1,965,890 

If x)hos])horic acid alone be taken into account and it is reckoned 
that about 50 lb. will provide sufiicient fertilising matter for 1 acre, 
the above total would suffice for an area of nearly 100 million acres. 

The above figures give an idea of the vast quantity of fertilising 
material which might be derived from the world xnoduction of this form 
of refuse, but although the estimate is based on actual facts, it would 
be quite erroneous to consider that these huge amounts can in fact act- 
ually be used for manuring the soil. On the contrary the greater part 

(1) Cf. Intern AXIOM All iNSTiTUTii: or Agriculture, Statistical Year Book; 1917-18. 
Rome, 1920, 
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is in fact lost by infiltration, fermentation, and, in many important 
centres, by passage into drainage systems, rivers and the sea. 

Apart from ibhe really considerable utilisation of human excreta 
already described in China anU their more limited employment in Flan- 
ders, Tuscany and elsewhere and taking also into account the use for 
purijoses of irrigation of water derivejl from thp “ everything to the 
drains ” system in districts in the neighbourhood of certain large centres 
of poijulation, all the remainder of the enormous mass of this potentially 
fertilizing refuse is lost on the surface of the soil and can at most i)rp- 
vide here and there a quite limited amount of manure (1). ‘ 

(1) Given the total quantities of fertilising matenals produced annually the present 
values can be osiabhshed, taking as ooofficients the following prices, calculated in /VanCA 
on the basis of those of trado fertilisers : (i. o. organic nitrogen 3 francs to 8,50 franoi 
05 superphosphate, 1 15 fr.- O chloride of potash CO %, 1.70 fr.) diminished by 
third, and always taking the quotation : 

Nitrogen 2 fr, per kg 

Phosphoric anhytlriiio 0.77 fr, » » 

Potash 1 10 fr. » » 


and this will be obtained for the quantities above indicated, the following totals : 

Nitrogen 18,926,710,000 fr. 

Phosphoric anliydride 1,706,275,000 » 

Potash 2,162,479,000 »> 


Total . . . 22,864,464,050 fr. 

This sum corresponds to 12 61 francs per annum for each inhabit aut of the globe 

To illustrate this enquiry, intended as it is to give an idea of the immense quantities 
of fertilising elements which are in the main lost with human excreta it may serve the pur- 
pose to restate the total quantities of iliese elements in the corresponding quantities of the 
nitrogenous pliosphatic or potassic chemical fertilisers, in ordinary use Nitrate of soda 
may then bo considered as 15 % nitrogen, mineral auper-phosjihate us 16 % soluble phospho- 
ric anhydride, and chloride of potash as 60% potash It should be borne in mind that the 
condition and ussimilahihty of tboso three nutritive elements are not precisely the same 
in human excreta and in chemical fertilisors but for purposes of comparison they have to 
be considered as identical The reader who is acquainted with the properties and uses of 
the various fertilisers will form an estimate of the diffoTences. 

It would be fantastic to expect a complete utilisation of these residues, but in many 
oases they might he utilised more systematically and more intensively, especiarlly for the 
fertilisation of land in tlie neighboyrhood of the inhabited centres. Tina would afford 
the advantage of recovering — at least in part — a great source of wealth, at present prac- 
tically lost to agriculture. 

The following is tlie procedure for the transformation of the fertilising principles 
of the excreta into chemical fortilisors : 


Nitrogen 9,463,366 — Nitrate of soda (15-16 %) . . 63,089,033 

Phosphoric anhydride . .... 2,202,665 — Mineral superphosphate (16 %) 16,283,767 

Potash ^U96^,890 — Chloride of potash (60 %) . . 3,931,780 


82,304,680 


One final statistical calculation : 

Given the above quantities of nitrate of soda, of mineral superphosphate and of chlo- 
ride of potassium, corresponding to the total quantities of nitrogen, phosphoric anhydride 
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The figures in the following table may however serve a useful 
purpose. They have been given for the purpose of indicating the pos- 
sible advantage to many towns of making a i)roper use of human re- 
fuse for enriching the soil of the atljacei^t country side. It has been 
impossible to provide figures for all the larger cities of the world and 
hence the table is limited to the caidtals of the states, which take part 
in the International » Institute -of Agriculture, as it is quite possible 
that these may be in a better financial position then others for car- 
rying out the work actually required to make possbh* the employment 
of this* material in the manner suggc^sted. 

• 

and potash of the human excreta the area of land that those cnii fertilise may bo calculated, 
taking as ooofficionts the followinj^ avoraKo doses to the hectare : nitrate of soda 200 kg. 
(0.30 kg of nitrogen) ; niinorul supor[ihoHx>hate 400 kg. (0,60 kg of phosiihorio anhy- 
dride : chloride of poiaBsiurn 160 kg (0.75 kg. of potash ) 

[To the acre : 176 Jb of nitrate of soda (27 lbs of nitrogen) : 330 lbs of superphosphate 
(60 lbs, of phosphoric acid) : 130 lbs. (20 lbs. of potash)] 

It thus appears that 

Hectares iVercs 

Tons. 63,080,033 of iiitrato of soda are enough for 316,446,166 — 788,612.862 
M 16,283,767 of superphosphate » » » 38,209,417 — 05,623,642 

» 3,931,780 of chloride of potash « « » 26,211,860 — 66,620,666 


According to tho International Yearbook of Agricultural Statistics in 1917-18 tho pro- 
ductive area, that is the cultivated area, of the globe is 1,031,060,283 hectares (4,77 1 ,669,870 
acres). The quantities above indicated stand to this area respectively as 1:0; 1 ; 66 ; 1 : 73. 
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(1) Cf. : The Stateaman’s Year-Book 1921, Macmillau and Co. London 1921. = (2) Calendario-Atlantc De Agostini 1921, Jfovara, 1921. 
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39. - Utilisation of Sewage and 'Sludge (1>! 

The probU'.m of nitrogen m excreted matter and waste ijroducts 
has two distinct aspects, their <lirect nse a manure and the trans- 
formation of tlKiir nitrogen content into seme form o/ commercial product. 

But little use has been made up to the present of t his second method 
of utilisation on account both of questions of technique and also of 
the disagreeable and unhygienic character of work of this orde^. The 
system of “ all to the drains makes the extraction of nitrogep a difi 
ficult matter by reason of the great mass of water involved. \ 

The research work of the Kub-Oommittee of the Nitrogen Products\ 
Oommitk‘e show that tii(‘ ligures which follow can be taken as general' 
averagers. 

The amount of urine excreted by an adult male, weighing 11 stone, 
is 1500 cubic (icntimeties daily and (*,on(ains 10 gm. of nitrogen. In 
the case of a woman whose died contains 80 % of the j)rotein of the eliet 
of a man (118 gm) the nitrogen in the urine falls to 18 gm. daily. With 
children the average is 8 gm. pcT day. 

In tlu^ solid (‘xcremeiit, the rate of nitrogen varies according to 
the nature of the diet : it is usually reckoned t hat 5 t o 9 % of nitrogen 
is to be found in the faeces when fresh. 

Assuming a ])opulation of 45 juillions for th(‘ United Kingdom, 643 
metric tons of nitrogen are produced daily or 234,000 metric tons a 
year, aboutr 86 })er cent. b(*ing c.ontain(‘d in the urine. 

(1) Cf. : 1) Ministhy of Munitions of Wah Munitions Invi^ntions Defatitment. 
Nitrogen Product-s Oomniittoo. Final Rupert. London, His Mnjefety's Stat. Off , 11)20, 
pp. 103 and 311 — 2) Nasmith Gr and Me. Kay G, i\ in The Journ of Jnd and En- 
gin. Chem., vol X, n” 6, Wasihnpton, 1018. — 3) lliiENrHUEY" W. E. and Ktchauds H. 
in Journ. of the Soc of Chem. Ind , vol. XTX, n” 1.3 London, y 1920 — 4) KAiiOUeussK.Ji A. 
A.t C.R. du Lahorat. d'Agron. de Vlnst. Agron. dc Moscou, Year 18, vol IX, Mopnow, 1914 

— 6) Atta a. in L'ltalia Agricola^ Y'ear 43, No 11. Piacenza, 1916 — 6) Inpt. Int. d’Agiiic, 

Monthly Revieu' of Agricultural Information . Nov., 1921, No. 1079, — 7) J. Mahistke. 

« L’EiJuratioii industriello et. agricole des Eaiix d’Egont ». L'Ind. Chini- Year 8, No 96, 
1921, — 8) « Sewage » in Scientific American, Feb. 1922, pp. 126 — 9) Wilson A., Co- 
peland W. R , Mills Hkisio H , Activated Sludge Process, T'hc Journ. of Ind. and Ind. 
Eng. Chem., vol 14, No. 2, 1922, p 128. — 10) Ueltkbb A h''Ind Chim , No 98, Paris, 1922. 

— 11) A. Calmette Rocherchop Pur I’^puration biologiquo et chiinique doa eaux d’^gout. 
Vol. 1-Vll and supplement. Paris, Masson 1908 ot poqq. — 12) Ditto. Epuration dos eaux 
d’6gout urbninns et industriollos. Parip, BarilliAre, 1910 — 13) S. Rizzi. L’epurazione bio- 
logica delle acque di rifiuto. Milan, U. Hoopli, 1916. — 14) F. Laccetti, F'ogiiatura biolo- 
gica. Milan, U. Hoepli, 1916 — 16) A. Mille. Assamisseinont des villes par Peau, les 6goutB, 
les irrigations. Pari.s, V. Ch. Dunod, 1886, — 16) L. Fabhe, « Le traitoment de I’eau d’6gout v 
Chimie et Industrie, Vol, 7, No 6, Pans, 1922, p. 1196 — 17) Eavehton A « Assainissement 
des villes et logouts do Pans ». Eimod, Pans 1922. — 18) DurchlUftungsdauer beim. aktiv. 
Schlamprozeps, Oesundheits-Ingenicur, No. 12, p 102. Munich, 1922. — 19) Le traitenient 
dea eaux d'6gout par bones aotiv6ea h Milwaukee, E. U. Qinie Civil, No. 23, Paris, 1922. 

— 20) Sludge reduction at the Baltimore sewage treatment plant. Public Works, No. 12, 
N. Y., 1922, p. 209, 

A bibliography with analyses is to be found in the following publication : Union In- 
tern. dea Villes. Tabhttes docum munic, S. HI. Eaux, ^gouts, eaux r^siduaires, etc. Brussels, 
1921 et seqq. • 
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The annual procUiction of ammonia in the United Kingdom in 
1911-1913 expressed ae sulphate of ammonia (25 % N Hy) was about 
82,400 metric tons while the average consumption of sulphate of ammo- 
nia and nitrate of soda showed about 2^,000 Inns of nitrogen (nnlent. 
Hence the average annual amount of nitrogen exeret eil by the inhabit- 
ants is 9 times as much as that in use before^ the war in tlu' form of 
these fertilisers and jjbout three times highei‘ than the average amount 
of ammoniacal nitrogen produced at th(‘ time. 

It must also be borne in mind that considerable' ipiantities of ni- 
trogen^re lost in the excreta of animals as well as in the licpiid wastage 
from cejrlain special industries including Hk* prt'servalive treatment of 
timber and the manufacture of glue. 

^The 8ub-CoTnmittee to which refen'nce has bee'u made states that 
only half the population of the United Kingdom discharges its excreta 
into the drains ; in the case of the remaining half they arc' ultimately 
used as manure though a large amount of the' nitrogen contiuit is lost 
in the liquid mat ter of the e.c'SS]»ools. 

In London for cxamjde Ihe sc'w^age watc'r is clarilied and dischargcMl 
into the Thames while the sludge is carricul out to S(*a. At Manchester 
thcu'c are septic tanks with filter beds and th(‘. sludge is also ciirried 
out to sea. Otheu* sc'a-board towns vlischarge their sc'wage into the 
sea either with or without/ previous deposit of the' solid material. 

Sewage watcu* contains on the average live hundred thousandths 
of ammoniacal nitrogen and t wo to two and a half hundred thousandths 
of organic nitrogen with forty hundred thousandtlis of organic, and 
mineral matt-cu* in susjx'nsion. At [iresent the nitrogen in solution 
can only be used for juiriioses of irrigation and intiltration on special 
“ sewage farms ’’ and the sludge deposit is manure for land under 
cultivation when but little water is required. 

As the assimilation of nitrogen by plant s is dejiendent upon tem- 
perature, sewage wat.er should in general be utiliscMl during t he warmer 
months. During the cold and damj) period of the year nitrogen, chielly in 
the nitric but also in the ammoniacal form, dc'seends and is involved in 
the drainage system, such losses being inevitable. 

It may be possible in the future to discov(*r reagemts at a moderate 
cost, which will precijiitate the ammoniacal and nitric, nitrogen in the 
Sjf3wage water and thus avoid the present immense loss of nitrogen. 

Of the solids 30/100000 in suspemsion in the stowage water are 
combustible. In the process of preeijutation they form different tyx)ee 
of sludge: “settled sludge’’, “precipitation sludge”, “septic tank 
sludge ” and “ activated sludge ”. Allowing for a 90 % w^atcT con- 
tent, the following figure's show^ the jiroduction of moist sludge in dry 
weather per million gallons of sewage water. 


a) Dejiosit in still water, without reagents .... 12 tons 

h) )) )) running water, without reagents . . 11 » 

c) » )) still water, with reagents 17 » 

d) )) )) running water, with reagents ... 16 » 

e) septic tanks 6.5 » 
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Taking as a base an average of 30 gallons of sewage water per in- 
divitlual and per day, the corresponding daily production of sludge for 
a town of 100 000 inhabitants would be : 

a) 30 tons 

h) 33 

c) 88 » 

d) 48 » 

e) 10.5 )) 

If the liuinidity of the sludge is reduced to 30-20 % the nitrogep 
content, readies 1-2 % but. in a not readily assimilable conditicjn, pr(^- 
bably as a result of the fatty mat ter, whiidi is always present. \ 

Sludge utiiiHation. — One method consists in pumping the semi\ 
liquid sludge and allowing it to flow along shallow trenelies, madc^ 
in absorbents soil. When the water has evaporated and the sludge\ 
is relatively dry the trenidies are tilled up and, if tin* soil is suitable and ^ 
the amount of sludge not. excessivis the soil is well fert ilised and gives 
satisfactory (‘.rojis. 

Tinder another system the sludge is mixed with lime and the water 
expressed by appropriate means; in this way briquettes are made, 
which e.oiitain a. large amount of lime and 00-80 % of water. The 
briquett(‘s are us(‘d as fertilisers but are of no great, value as they are 
not jmlvcM'i sable and contain fatty matter in a saponified condition. 

The addition of (ialciiim to precipitate the albumins much increases 
the dejiosit and does not diminish its fertilising value. In fact for a 
sludge obtained Fabrk reports the following pereentage composition: 
ash 67.82, ammoniacal nitrogen 0.008, organic nitrogen 1.76, phosphoric 
anhydride 0.83, lime 31.98, ])otash 0.12, fat 1.89. Th(‘, (larified liquid 

also if discharged into a. river re])recipi1 ates the lime in solution as 
carbonate and the albuminoids become once moie soluble. 

Better results are secured by decantation or by the separation 
of the sludge by means of filters. Tin* resulting filtration water is 
rich in fertilising elements and therefore well ailapted for irrigation 
purposes. Its clnunical composition is naturally very variable, e. g. 
in one cubic metre tluue were found : ammoniacal nitrogen 21.61 gm., 
organic nitrogen 7.60 gm., nifric nitrogen 0.73 gm., phosphoric anhy- 
dride 12 gm., potash 45.95 gm. 

Sludge can also be used directly as a manure, if dried and pulver- 
ized. The drying is done in rotatory ovens with gas circnlatioii at not 
more than 150<^ to 200o C. This operation is however only convenient 
when the transport of the dried sludge is not too costly. 

If fermenting (dements are added as in the case of “ activated 
sludge ” the iiercentage of water is reduced to about 82 and the sludge 
is then dried for use as manure^, its nitrogen content being 2 to 2.5 %. 
Mention may also be made of the process of fat extraction from the 
sludge before its use as a fertiliser. After drying, sulphuric acid is used 
for acidification, the fatty acids are distilled and subsequently the re- 
sidue in combination with phosphate of lime can be used for 
manure. 
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Activated sludge. This form of sludge is prepared by mixing 
fresh sewage water vrtt^h a small quantity of active sludge with the 
object of bfinging about an inoculation witli the contained ferments 
and then introducing a ciirreni. of air into the liquid for several Jiours 
over i)orous tiles. The bacterial oxidalion can be checked when the 
charcoal is fully oxidised or continued according to the typi' of effluent 
it is desired to obtai:t. • 

The forc-e necessary to drive the air current entails a heavy expense 
while the presence oL‘ fatty matter seriously liiinhTs the process. The 
chief teature in the process is the rajud oxidation of the organic 
matter 4 'oiiibined with tlie destruction of liarmful hactiria ; t he nitrogen 
is nitrilied and thus brought into a condition in which it is readily 
assimilable by the plants. Sludge ljea,t.(Mi in this way has a content 
of 4 to G % ol' nitrogen and distinct traces of plios])horic acid. The 
problem of drying this sludge is of very materiarl im])ortanc(‘ economic- 
ally as the whole fertilising value of the sludge, including the value 
of the bactiTial inoculation, can be utilised by nutans of a i)uniping 
system, by which it. is carried direct to the lields in the neighbourhood 
of the place of treatment. 

The system is now in use at MancJiester, Salford, Worcester and 
Stanfonl in England and also in certain ])arls of the United States. 

Tn the United States activated sludge containing 2.1G % of x>iios- 
Xdioric*. acid and 2.50 % of nitrogem in a comparative test with ordinary 
manure showed the following ijiiprovement.s in yield : — 40 % with 
radishes, 103 % with lettuces, 77 % with hari(‘ots, 138 % with 
beet-roots, 291 % with tomatoes, 554 % with onions. Tn a second 
experiment activated sludg(‘ was applied six times as fr(‘ely as nitrate 
of soda and twice as effective. Uj) to the j)rcsent howewer 

the difflculty of eliminating the 98 % of water from th(‘ activated 
sludge resulting from the process of sedimentation has not ))een over- 
come. 

Recovery of Ammonia. — The chief systems in use include some 
form of distillation whi(*ii is ajiplied wherever it is possible to have 
a sufflcuyit degree of concentration in th(‘ sowag(‘ wat(*T which is too 
dilute under the present sanitary systems. 

In Paris, for exainxde, the daily collection of urine ami similar re- 
base which amounts to 2200 cubic meters is tirsti partly disinfected 
and afterwards collected in large tanks for ferjnentation and storage. 
The process takes from three to four wrecks to comi)l(4.e and the urea 
is converted into ammonia carbonate and other ammoniacal com- 
pounds. A large quantity of nitrogen is lost, during the fermentation. 
The clear liquid is i)oured off ami the contained ammonia distilled 
while the sludge is converted into manure. The ammonia is extracted 
in the sulphate form with a production of over 10,000 tons. 

Another method employed is that of the chemical treatment of 
the sewage water in tanks so as to obtain a rapid sludge ])recipitation. 
Milk of lime is chiefly used (specific weight 1.16-1.20) and kejit in cons- 
tant motion: the clarified liquid is poured oil and replaced by further 
addition of sewage water until the reservoir is full of sludge. The 
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ammonia content of the liquid is distilled and the sludge heated with 
filte.r presses, By this means 100 cubic metres' of sewage water have 
been made to yield 75 cubic metres of clear liquid and 25 c^ubic metres 
of sludge weighing after filtr^ition 6 to 7 tons with 50 % of water. 
This form of sludge* has little value as a fertilising agent. 

Yed anotla^r method consists in separating the sludge from the 
clear liquid from which the ammonia content if. distilled, while the 
sludge is collected in closed tanks equipped with rockers where it 
receives treatment with ferric chloride, aluminium chloride and phos- 
phate of lime. After 24 hours fdter pressure is used and the, sludge 
convert(*d into luiquettes containing S to 3,5 % of nitrogen ,and 10 
to 12 % of xJhosphoric anhydride assimilable in the fojin of bicalcic 
phosphate so as to be utilisable as manure. The distillatiop ck 
ammonia from sewage to whiedi lime is added is carrierl out extensively 
in Amsterdam where the plant is cax)able of dealing with 50 tona 
at a time. I'he sewage water contains 2.018 % of free and 0.326 %\ 
of fixed ammonia of which 0.008 % remains after distillation. For 
the tr(‘,atment of 8750 tons of sewage w^at<*r 123 tons of slakerL linle, 
153 tons of coal and 72 tons of sulphuric acid ar< recpiired with a 
resulting juoduction of 72 tons of ammonia sulxduile. Tlu* solid residue 
mixed with lime and aft<*r‘ passing through the filter x)rt\ss contains 
58 % of dry matter 52 27 % of carbonate June, 0.518 % of nitrogen, 
0.155 % of 0.157 x)er cent, of x>liosi)horic anhydride. 

The Ministry of Agriculture in Ilussia decided in 1914 that a study 
should be made of tin* best m(‘ans of utilising drainage sludge. The 
qualities inv(*sti gated shewed a content of 12.3 gm. nitrogen per gallon, 
71 % of which was in the ammoniacal form. Large quantities of 
the nitrogen were lost through exx) 08 ure to the air amounting to 
67.76 % in 95 days. Tin* b(*st method of extracting the ammonia 
was found to be a preliminary boiling followed by treatment with 
lime in the x>n)portion of 5 gm. x^^r litre. 

Sewage water is used in Italy for irrigation, Milan being a 
notable examx)le. After standing for a while all the* ammonia is 
held in solution, while a muddy layer is deposited contaming 80 
to 90 % of water. For the licxuid which contains three x^arts per 
thousand of ammoniacal nitrogen 1.5 kg. of ammonia sulphate were 
obtained yvv cubic metre by distillation with 44 lb. of coal. It was 
suggested that the ammonia might be liberated by air pressure but 
only 20 % coidd be recovered in this way. 

The sediment also contains fatty matter, varying from 3 to 26 % 
of the dry weight, which is removed in England and Germany. The 
general composition of the sludge and hence its yield in by-products 
remains fairly constant wlure the sewage water comes entirely or 
almost entuely from dwelling houses though there is considerable 
variability in districts which contain factories. 

The British Ministry of Agriculture has lately undertaken pre- 
liminary investigations with a view^ to determining: if the activated 
sludge permits of the utilisation of a large quantity of nitrogen 
of sewage waters in comparison with the other methods ; if the nitro- 
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gen it contains is more assimilable by plants, and what is the origin 
of the high, degree of nitrogen of “ activat(‘d sludge 

The results shew: 1) that with “activated sludge there is 
obtained a recovery of 15 % of nitrogen while 10 % is recovered 
by the precipitation method and 4 % with septic tanks ; that the 
assimilability of the nitrogen of^the sludge is (ionsiderably increased and 
that it is richer in phosphoric* anhydride," than sludge noii-activated. 
From experiments made on Hood land with two different slu<lges con- 
taining 90 % of water it results that for an ecpial e-ontenti of nitrogen 
activated sludge giv(‘s good results, taken in comi)arison with the 
ammoiaium sulphate of that of stable maiiurt*. Ilowiwer the nitTifi- 
cation of the nitrogen of activated sludge requires doubh^ the time 
necessary for sulphate of ammonia. In conclusion activated sludge 
has given evidence of a high fertilising power. 

The English Sub-Committee arrived at the following conclusion : 
the amount of sludge with a 50 % water content that can be obtained 
annually i)er 1000 inhabitants is 100 tons and the total amount 
obtainable in a year from the towns in tlu^ United Kingdom with a 
population of over 100,000 is approximat(‘ly 1,800,000 tons from 
which there can be extracted say : 

22,000 tons of Suli)hatc of Ammonia 
54,552 m3 of Tar. 

22,730 m3 of Light Oil. 

500,000 tons of solids for manuring. 

As regards capital and running exi)ens(‘S and the daily receipts 
accruing from thus handling the sludge the Sub-(k)mmitt.ee gives 
examples of two typical jdants, one on a large scale and th(^. oth(U’ 
relatively small ; the first is suitable for dealing witli the drainage re- 
sidues of the Crossness area of the London County Coiimal, the other 
might serve towms like Glasgow^ or Shelheld (1). 

The ligures are given in the following note and show^ the economic 
advantage of large installations. 

In these general conclusions ui)on the ])rocess viewed industrially 
the Sub -'Committee rightly draws attention to the high d(‘gree of heat 
required for the preliminary drying of th(‘ sludge the degree of moisture 
of which has to be reduced from about 70 % to 20 %• Mor(H)ver it 
does not aj)i)ear, at jiresent at any rate, to be worth while to recover 


(1) Previous figures are given raiBed by 30 %. They are probably aomowhat too low 
for present conditions {Author'6 note). 


Large Plant Small Plant 


Machinery for drying the sludge. Furnaoen and accessories. 


Machinery for dealing with by -produced. Buildings 144,410 | 31,777 

Hunning expenses per day 184 62 

OroBs reoeipts per day . ^ 371 62 



302 


TABT II. 


the nitrogen in the urine (which represents 80 % ^pf the total nitrogen in 
the excreta) as it is so highly diluted, especially when -^the urine is 
discharged into the drains which contain all kinds of other waters. 

The distillat ion method described above could only affect the pro- 
duction of nitrogen comjxninds in the Ignited Kingdom to a very small 
extent. As a matter of fact the fa,(*cal matter j)roduces annually 
32,900 metric tons of nitrog'm of which one half only passes into the 



Fid 79 — Cbinoso fiolcl rovorod with small liuapB of canal slimo just brought up by 
means of throo sots of steps msdc of earth. The quantity of slime here is upwards of 70 
tons per aero In the btickgrOuiitl a compost mound, 

'J’aUeii from P’ 11. King, op. oit 


sewage watiu' and is equivalent to about 82,000 metric tons of sul- 
phate of ammonia. 

The quantity of sulphate of ammonia which might be obtained 
from the drtiin water of the English towns with over 100,000 inha- 
bitants does not exceed 22,000 tons or about 5 % of the pre-war pro- 
duction of ammoniacal compounds derived from by-products (1). 

SHme. — This deposit to which a brief reference may conven- 
iently be made at this stage in connection with^ the subject of sludge 

(1) For the various methods of purifying sewage water, of. Kollier Dr. Th., op. cit* 
p. 28 et seqq. 
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and sewage is found the bottom of iK)nds, pools, drains, ditches, etc., 
and is the result of a mixture of soil with various organic 8ubst>ances. 

In many countries the slime is utilised as manure, a lter exposure 
to the air, fermentation and drying. It is also used for making com- 
posts. 

In the Far East and especially in China canal slime is largidy em- 
ployed either directly or in the preparation of composts with grasses, 
clover, etc., chiefly for use in the rice fields (se(» tig. 79). This use of 
slime following on the extensive eni])loyment. of human excrement 
plays tfn important part in keeping up th(‘ fertile character of the Chinese 
soil. ** 


40. — Town Refuse and Street Sweepings (J). 

These include tlu^ garbage of all kinds found in str(*et sweepings 
aivl household refuse. They enntain lh(‘ following: — vegiiable 
leaves and husks — liuit skins and kernels — ])ic*ces of hay, straw, 
w^ood, paper, hnither, etc. — fish lames — sluils of crustae(*ans — 
ashes, horse and poultry dung, etc. — corks — bits of glass, stone 
and croo(ik(‘ry — rags — hair, feathers and skins — slime and soil — 
tins and other waste metal — mineral and organic dusts, etc. 

As a result of this heterogeneity tln^ chemical ('om])osition of this 
refuse is extremely variable and is ailected by its character and that of 
the w^eather at the time of collection: for examjde, in dry wx^athei', 
town refuse contains much less wu-ter than during a rainy period. 
The time of year is also an important factor ; in summer vt^getable 
and fruit waste jiredomiiiat.c*, wdidc in winter there is mon‘ dry matter 
and a gr(‘at increase in the amount of ashes. 

Speaking gciHU’ally town refuse requires an expenditiiri* for traiis- 
X)ort ami handling (piite out of proportion to its bentdieial aeiion as a 
fertiliser. Its fertilising iiower, however, timds to incr(»as(^ with fer- 
mentation by which it is (converted into the black form thus covering 
the cost of carriage for a certain distance, t lie volume being mark(*dly 
redue.ed in comiiarison with that of tJie “ green or freshly gatliered 
sweepings. The direct use of the refuse for agricultural purposes is 
the most ancient and the' simjhsst for bringing about their disappear- 
ance. During the war the use of town refuse incr(‘ased cionsiderably 
in many quarters and it was also adojited for tiie first, time* as a fertiliser. 

(l) Cf. : 1) A. Hruttini, I Concimi Casalo, 1012 — 2) D. Tamaiio, a UtiJi/zazioiio dolle 
spazzaturo e dei nfiuti animali », iu II Coltivatorc, Nn 15-1 H, Calsalmonforrato, 1919. 
3) Kozou.s P., Collccte, tranf^jiart rt traittment dea d^^ohcle urbaina. Paris, Duiiod <it Pinut, ^d 
1911. — 4) SoHiiOKDER P. 1., n Les iminondiucB d6graiss^eB comma engrais s in The Journal 
of Industrial and Engineering Chemistry, Saston, Pa., 1917, — 5) Hiiownino P. E , « Va- 
lour fert'ilisanto do quelques d^chets domostiqueB », iu 7'he Journal of Industrial and Engi- 
neering Chemistry, Vol 9, No 11 Easton, 1917. — 6) Koi.nKn Dr. Tn., op. cit. — 7) Ash- 
BBQOK F. G. and WltaON A., Feeding Garbage to HogB, Farmer's Bull. 1113, U. S. Dept, 
of Agr., Washington, 1920. — 8) Daverton A. ABBainissemont dos villos et 6gouts de Paris. 
Dunod 6d., Paris, 1922, p. 188. — 9) Mount H A. Garbage in Working Clothes, iuScien- 
iifie American, Aug. 1922, p. 106. — 10) London refuse problem, The CUa-nsing Superin 
tendent, Edinburgh, 1922, p. 202. 
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Exijcnrnents were also made with simple new methods of treat- 
ment. For examide at Trieste, the sweepings which amounted to 
90 tons daily were mixed with the excreta of horses and other animals 
and the whole converted by a juocess of fermentation into an earthy 
substance and sold for 20 Icronen j^er ton at the depot. Part of the 
sweepings after the elimination of the non-combustible material was 
burnt in continuous furnacys, the aslies being pl^inged at once into 
water and thini pulverised and sifted. The finer j)art was used as a 
fertiliser and the heavier as a substitute for sand in ferro -concrete 
or cement bricks. The finer powder which acted as a phosphajLic 
manure was sold at 3 kronen per ton. ' \ 

A x)atent for the following process has been taken out by A. D. 
Furse of Beckenhain. * \ 

Household refuse or dry sewage sludge or the two combined awe 
mixed with 35 % to 20 % of fish or meat offal, 15 % to 20 % of bon\^ 
meal after extraction of the gelatine and 15 % to 20 % of vegetable 
refuse containing potash, for example that of beetroots, sugarcane, 
tobacco, or bananas. The mixture is first heated with dilute sulphuric 
acid, then dried, X)ulverise(l and sifted. The destruction of town 
refuse by mechanical, jiliysical or chemical means is only indicated 
where the towns are not surrounded by an expanse of field land suf- 
ficient. to allow its gencual diffusion, that is to say an area eight, 
times as large as the urban area itself, which allows for the diffusion 
of 10 to 12 ^2 tons per acre every t wo or three years. 

The following methods of industrial treatment are at luesent em- 
ployed in various ijlaces : 1) treatment by steam or water at 150^ 0 
to separate the fat content.. About half the heat necessary is supplied 
, by the fermented and dry lef use. Steam treatment in the hot chamber 
lasts from 5 to 7 hours. The condensation water is then drawn 
off and wit.h it is removed all the fatty matter which can be used for 
soaj) making or as a lubricant. The solid residue is submitted to pres- 
sure and dried by st eam in large cylinders so that it is easily reduced 
to a fine x)owder resembling charcoal and odourless. This part which 
is known as ianlcage represents 12.5 to 18 % of the mass* of refuse 
treated, of which the content is 77-83 % water, 2.5-5 % fats, tankage, 
12.5-18 %. This method is applicable only to the case of the larger 
towns as the initial capital cost is heavy, but it possesses the merit of 
avoiding the sanitary risks caused by an accumulation of fermenting 
refuse matter and also of giving a homogeneous odourless form of ma- 
nure, easily carried and handled, which does not introduce into the 
soil either the seeds of noxious weeds or fragments of glass or metal 
which are likely to injure the animals. In the United States there 
are 39 companies engaged in extracting the fat from household refuse or 
garbage, representing about half the larger towns. In 1914, 1,088,622 
tons were treated and yielded, in addition to the fatty matter, 156,943 
tons of fertiUser in the form of tankage. The refuse is treated by 
the following process : 1) sifting, 2) steam heating with the collection 
of the water and sei)aration of the floating fats, or 3) drying with 
extraction by means of benzine and fermentation of the residue. 
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The water extracted is reduced to a siropy consistence and called 
“ stick It is mixed* with dry tankage and converted into a powder 
of which the following is the percentage content : water 3.67 — ash 
29.15 — fats 4.92 — ^ jjotash 0.80 — -jiitrogcn 2.78 — phosphoric 
anhydride 3.56. Forty per cent, of this nitrogen is assimilable and 
about 0.25 % water soluble. Solubility can be materially increased by 
treatment with snlj^htiiic acid (1). 

2) Another metliod of treatment' followed in certain towns 
in Germany, the Uniteel States, Belgium, Eiighnid and Austria con- 
sists in#burning the refuse for the sake of th(‘ ash but in this way the 
whole content in organic matter and nitrogen is lost. tVrtjiin advant- 
ages, however accrue from th(‘ uliJisation of th(‘ Jieat re(]uired for the 
comUustion. The ash makes a clinker and attempts have benn made 
to use it in (*-ement and c(»ncrete bricks. 

Willi ToniAiviSKy's method of low t.em])eratare imdneralion with 
limited exposure to tin' air a brown x)ewd(‘ry ash is obtained wdiich 
can be used as a fertiliser. 

During the war exjxuiments were made' on the us(' of fat. frt'c re- 
fuse as a cattle food altt'r sex)aration oi the light from the heavier 
matter by a wntcr test. 

When town refuse is used directly as manure as is the cas(t in many 
districts it. may be consid(‘red as a low potency f(*rtiliser. Analyses 
have given the following results. 



W^atiT 

i 

1 Asli 

Lther 

I’otusli 

1 Phusnho- 1 f 'UUibiisitl- 
NitroBcii ; bh, 






ric luihytl.l mutters 

Untreated refu.se. . 

73 78 "o 

3.60 "o 

5 32 

0.27 

, 0.70'\, 0.43 22.03 

Treated refuse . . . 

3.07 

29 15 

4 92 

0.80 

2 78 3 .^0 


The following are the quantities of j)otash ainl of ])hoS])horic 
acid found in the ash of various household refuse (2). 


(1) Cf r. J, ScHiioiiiDKK, Ind. Eng. Chtm,, No 9, 19 J 7 

(2) A lengthy troatiao on collection, hiiiiclling and utilisation of street refuse which may 
fltill be usefully consulted is that of 1’. Fkkda entitled « Importanza delle Inimondizio della 
CittiL di Roma per ragncoltiira locale.) published in Le Etazioni spcrimvntah Agrar'n- /- 
liane. Vol. XX Jl. Part, 5. 1892 

Sir E, J. RuKSEijli, Director of the Exponinental Station of Rothamsted in a recent 
publication notes lliat in England and Wales the street sweeping amount to not 
leas than 10 million tons per annum, and in London alone to 1,900,000 tons. The English 
towns spend annually on the collection and distribution of the sweepings about 6 million 
sterling. In some cities of the North of England the sweepings are enriched with a 
oonaiderablo quantity of the scourings of sewers, the refuse of cattle markets, slaughterhouse 
■offals, and stable litter, thus yielding an excellent fertiliser with one or more jier cent of 
nitrogen. (Cf. E. J. Kussei.1., The Possibility of using town refuse as manure, The Jour- 
nal of the Ministry of Agriculture Vol. XXIX No. 8, 1922 p. 085). 
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j Potash 

1 «!■ 

PhoBphorlo 

anhydride 

Banana stalks .... 




1 

49.40 % 

1 

2.34 % 

Banana skins .... 




1 41.76 

3.26 

Orange peel .... 




! , 27 00 

, 2.90 

Lemon peel .... 




1 31 00 

6.30 

Apple ijeol 




; 11 74 

3 08 

Kind of melon . . . 




12.21 


Rind of cucunihor . . 




27.20 

' n.28 1 

Fresh potato parings 




27 CO 

6.18 

l*oa-p(Hls . . 




0.00 

1 *-9 

Used tea leaves . . 




' 0 44 

' 1 60 

Coffee proiindri . . . 




0.67 

0.36 

Egg shells 




0.20 

0 4.3 

Peach stoneH .... 




0 04 

3.26' 

Poach pe(3linpH . . . 




:>0.76 

6.31 


Kitdhon refiLse, dricMl and ground, is especially suitable as bind- 
ing material for horticnltural coin])osis. 

41. — Nitrate Fertilisers 

from Residues treated with Bacteria. Humogene (1). 

During the war, as it was well known that the nitrogen -fixing 
and nitrifying baeterial llora of the soil are only active wlu^re organic 
matter is ])resent., the qiu^stion arose of the possibility of the employ- 
ment of ctuiain organic forms of waste, material, such as molasses^ 
grape residues, straw, ])aper, wood, weeds, sugar refining residues, etc.^ 
after treatment with symbiotic, nitrogen-fixing bacteria selected for 
tlu'ir high d egret*, of activity, such mixtures being subsetpiently well 
stirred and dried. 

In 1915, at the request of the British Ministry of Agriculture^ 
Dr. E. J. Kushklu undertook a series of experiments with Professor 
Bottomley s Ihimngvne (2). 

This fertiliser is made of sterilised peat, after bacterial decompo- 
sition, and inoculation with nitrogen-fixing micro-organisms. 

It was used by E. J. Bussell in doses of 1.25 metric tons on fodder 
beets, kitchen garden plants, mustard and barley grown in pots. 
All the experiments had a negative result and the conclusion was that 
humogene has no special agricultural value, as it is not superior to 
any other organic fertiliser with the same nitrogen content. Thia 

(1) Cf. 1) Dabyland C Engrais azotes fabriqu^s aveo des d^cheta, in Abstracts of 
etiology. Vol. IJ. Baltimore, 11118. — 2) Adinabeayan Rao K., A New Source of Manure 
in The Agr. Journ. of India, Vol. XVII, p. V, Calcutta, 1922, p. 476. 

(2) C£ Russeli. E. j. Humogene in the Journal of the Boaid of Agriculture, Vol, XXIV. 
No. 1. London. 1917. 



FEETILISEES 


307 


fertiliser may be sometimes useful to gardeners in pre*paring mould 
for repotting, being *for this purpose the equivalent of untreated 
peat and used in the same proportion. 

The proportion of nitrogen in hunmgene varies cohsiderably, fluc- 
tuating between 0.4 and 1.3 %. 

There is in effect no evidence to show that the treatment devised 
by Bottomley incre*ises the fertilising vqlue of peat. 

Previous exi)eriment s with huniogene had generally given the same 
unfavourable results, w^hlch are inconsistent with tliose obtained by 
the inventor himself : he maintains that liuinogeiK' is really an effec- 
tive f(:^tili8er. 

In Germany experiimmts were made* during the war willi a fertiliser 
called Ouanol, composed of lees of molasses mixed wit h j)eat and in- 
oculated with Azotoharfer. it- w^as tested also in the steriliscHl form, 
BO as to ascertain the action of tin* bachuia. These had transformed 
88% of the betaine, which only formed 1.0 % of th(‘ dry matt.er. The 
ni,|.rogeri of the peat is inaciive; that in the h‘es is aloin* effective. 

The yield was tlie same wdlh t lie sterilised Guanol : and hence 
the bacteria have no r(*al (‘ffect . 

In eight weeks, 30.04 % of the nitrogen of Guanol had nitrified (1). 

Important exj)erini(‘nts were mad(^ in India (2) witli tJie residual 
pulp from sugar manufacture (mvgassc) which is as a ride burnt. It 
contains about 40 to 50 % oL* waiter, 10 % of non-extractabh^/ sugar 
and 40 to 50 % of fibre. In India 20 to 25 million tons of t his residue 
are available annually. 

The treatment with nitrogen-fixing micio-organisms can be caiTied 
out in three ways : 1) by inoculation with t he nitrogen-tixing bacteria 
alone ; 2) by f)reliminary introduction of micro-organisms which 
decompose the cdlulose, subsequent sterilisation and 1ti(*n inocadation 
with the nitrogen-fixing bacteria; 3) the simultaneous introduction 
of both kinds of micro-organisms. The sugar produces 100 milli- 
grammes of nitrogen per 10 gm. of cane pulxi, aft(‘r a single fixation. 

Pulp thus treated after two months contained 1.39 % of nitro- 
gen, i. if. more than double the nitrogen content, of stable manur(\ 

This method is also recommended by the author for residues 
of the following : prickly pear, dry leaves, straw, sawdusts, etc. 

42. — Chemical composition of various waste products. 

Analyses have already been given above for t‘u.ch of t.he waste 
products in turn, and tlie following table, extracted from the Yevarbook 
of the United States Department of Agriculture (3) and from Wolff’s 
tables (4), is added for completeness of reference. 

(1) Cf. Koch, in FukUng'^i Landwirnchaftliche Zeitung, Year No 6-6. Stuttgart, 1916. 

(2) K. AdinajeiraVAK Kao. A New Source of Manure, in The Agric. Journal of India, 
Vol. XVII, part V. Calcutta, 1922, p. 476. 

(3) Cf. 0. C. Fletohbr, a Conservation of fertilizer materials from minor sources 
ill Tearhhpk of the Department of Agriculture, Washington, 1917 p. 283, 

(4) Figures marked with asterisk. 
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N itrogen 

Phosphorio « 
anhydride 

Potash 

Vegetable waste products : 

Cotton : BoUb 

• — 

. 8.70 

23.93 

Spinninfi; waste •. . . 

i.:i2 

0 45 

0.36 

Sweepings of cotton eood mills . 

i.aT 

0.68 

1.66 

Cocoa : Hulls 

1.04 

1.49 

2.71 

Tea ; Used Leaves 

4.1/3 

0.62 

o0.40 

Coffee ; Grounds 

2.08 

0 32 

, 0.28 

Casioroil seed : Cako 

5-6 

2-2.6 

1-1.26 

Apples : Ash of peel 

— 

3.8 

11.74 

Grapes : Residues 

0‘.76 

0.20 

0.(0 

» Ash of skins 

— 

3.58 

30,00 

li Loos * 

1.31 

0.36 

3 34 

» Stripped Stalks * 

- 

0.18 

1.09 

» KesiduOH * 


0 46 

1.72 

» Vino shoots * ■ . 

0 41 

0.14 

0,4 1^ 

Bananas : Ash of skins. 

-- 

2.34 

49.40 

Water melons : Ash of riud 


' 1 28 

27.20 

Lemons : Ash of peel 


6.30 

31.00 

Oranges : Ash of peel 


2 90 

27,00 

Nuts : Shells 

0.80 

0 16 

0.60 

» Ash of shells 

— 

1.23 

6 46 

Barley : Fresh brewers grains 

0.90 

0 60 

0.06 

Maize : Dried stems * 

0 48 

0 38 

1 64 

» Charred striijped stalks 


— 

2.01 

1 ) Ash of stalks i 

— 


60.00 

Wheat : Straw 

0 50 

0 15 

0.60 

» Husk 

0 72 

0.40 

0 84 

Buck wheat : Straw * 

0.78 

0 18 

1.23 

Beans : tStraw * 

1.63 

0.29 

1.94 

» Pods * 

1.68 

0.2 7 

3.66 


0 94 

0 25 

1.60 

Potato : Haulms ^ 

1 0.60 

0.15 

0.45 

» • 

0.49 

0 16 

0.43 

» • Ash of cooked parmgs 


3.2 9 

13.89 

Jerusalem artichoke : Dried stems . - 

0 43 

1 0 07 

0.41 

Colza : Straw * 

0 50 

! 0 27 

i 0.97 

B Pods* 

0.83 

0.36 

1 0.67 


0.40 

1 0 2 3 

! 2.00 

Tobacco : Stems 

3.70 

0 66 

4.60 

B Dried Louvee * , 

3.48 

i 0.06 

4.09 

Tomatoes : Loaves 

0,36 

! “O.IO 

0.40 

)> Stems 

0 36 

0.10 

0.40 


0.80 

0.3 5 

0.16 



1 4 99 

18.03 

Wood : Sawdust 

6-6 

1 2-4 

1-3 

V Fresh ash 

— 

1-2 

4-10 

b Lixiviated ash 

~ 1 

1-1.6 

1-3 

Lees of Molaase 

0.70 

— 

6.32 

Animal waste products : 




Bones : 

2. 5-4. 6 

20-26 

— 

» Ash 


34.70 

— 

Dried blood 

10-14 

1-6 

— 

Tankage 

11-12.6 

, 1-2 

-■ 
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Nitrogen 

Phosphoric 

aiiliydndc 

Potash 

Bats’ excrement • • 

1--12 

2 5-16 


Eggs ; Calcined shells 


0.43 

0 29 

Fish : Fresh offal 

2-7 5 

1 6-6 


« Dried » 

7,76 

13 

0 38 

Slaught^house offals (Now York) . . 

3 4-3 7 

1-2 47 

2 26-4.26 

Leather Clipping 

6.88 


— 

« Asli of clippings . . . . 


2 16 

0.36 

Ground horns and hoofs 

10-15 

1 5-2 


Wookt Hags and felt 

4-12 

_ 


« Spinning waste 

4 4 

0 20 

0 68 

« Felt manufactory waste . . 

13.00 


0 98 

Silk worms : Chrvsalidos 

9 42 

1.82 

1 08 

» M Silk 

» a Silk spinning waste 

8-11 

8.37 

1 14 

0 12 

Shall fish : offals 

4 50 

3 50 


B » shells 

4.60 

3.52 


Mineral wanic products : 




Slime ; fresh water 

1 37 

0.26 

0 22 

B harbour 

0,99 

0.77 

0.05 

Limekiln ash 


0.76 

: 2.00 

» » • . . . , . , 


0.6-1 

1 1-1.6 

Soot 


1 05 

1 0 35 

Gunpowder : waste from manufacture . 

10 28 


34 60 


The following' tal)le contains other figures relating to the utili- 
sation of residues in the United St<ates for the manufacture of feTtilisers. 



Pho8- 

Insolii- 

Insolu- 

Residues 

Totfil 1 Sfilnhlft bUi 

1 ble 

Water i Lime ptiorie 

asulmd- rion-aBii- 


auhyd. 

nitrogen, nitrogen able 

> niilable 


1 nitrogen; nitrogen 


Sheep dung with wool waste . 

4.99 ! 

2.89 

0 31 

1 27 1 

0.61 

0.30 : 

0 46 

Wool waste with fat removed 

44.80 ; 

0 37 

0.03 

1 30 j 

027 

0.61 i 

0 62 


■' i 


9.90 

8.60 1 

2,08 

3 43 

2.66 

Seaweed 

16.66 1 

1.81 

0 23 

0 60 1 

0.09 

0 16 

0.36 

Raw kitchen refuse ... 

64 89 1 

O.ll 

0.81 

0 78 i 

0.16 

0.10 ; 

0 63 


7.30 

0 03 

1 62 

6.26 , 

0.40 

3 38 ! 

2.48 

Cotton ginning waste 

6.96 ! 

1.66 

0.08 

1.37 , 

0 24 

0 27 

0.06 

Cocoa hull powder 

11.09 1 

2.71 

1.49 

2.94 1 

1.04 

0.51 1 

1.39 

Wool combing waste 

4 96 ! 

0.68 

0.29 

4.40 1 

0 12 

2.41 i 

1.87 


Rao ! 

Ca O 

MgO 

N lot 1 

S O'* 

r O 

Mat, in. 

Lime residues from manufacture 







of lactic acid 

46.00 1 

19.23 

0 44 

0.30 i 

27 60 ! 

0.97 ! 

0.68 

Lime residues from bleaching 

1 







factories 

16.86 : 

42.43 1 

1.30 



34 00 ! 


Lime residues from tanneries. . . 

36.93 1 

24.80 

3.10 

0.42 


4 44 ' 

16.37 



IV. - ALCOHOL, OILS AND OTHER INDUSTRIAL 
PRODUCTS OBTAINED FROM VARIOUS RESIDUES. 


Products intended for food are not, speaking generally, includM 
un<ler this head : it S(*,enied however desirable to deal here with cer- 
tain edible oils : and for t hat reason tlie reader was referred to this pam 
in the course of tin* earlier discussion of wasj,e mat(*rial8 and rcswlueB 
utilised for human food. \ 

The task at this point is therefore ijiiitii*. definite : it is confined'^ 
to a descrijition of (lertain utilisations for industrial pur])oses recom- 
mended during the war as nee-essary in view of the growing scarci^ty 
of products and the perpetual rise in their prii'e. Some of these pro- 
cesses an*, not novel : sometimes processes that had fallen out of use 
were re instated: sometimes improvements were introduced into meth- 
ods that had been given uj) before the. war. Very probably several 
of the processes here describe.<l are not adapted to modern economic 
conditions and are therefore imiiractieable. But if this brief account 
succeeds in being of interest to the. reader and is a contribution to the 
information available as to utilisation of the various residues and waste, 
materials, it will have, attained its object. 


1. — Alcohol from seaweed. 

Certain seaweeds contain carbo-hydrates convertible into sugar 
by acids. By subjecting them to the action of sulphuric acid (3-6 %) 
under pressure for 30 to 50 minutes at 1220 c. Ratser (1) obtained 
ready fermentation and a yield of 12 litrcis of alcohol per 100 kg. of 
dry seaweed of the species Laminaria digitata. L. flexicaulis and L, 
saceharina were also tried. 

The industrial process is as follows : — the seaweeds are dried 
artificially as soon as possible after they have been gathered, they are 
then chopped up and treated in an autoclave, at 120-125oC., with 
water acidulated with sulphuric acid. The excess of acid is next al- 
most completely neutralized with potash, leaving an acidity of 0.7 
to 1 % and the liquid is subjected to fermentation, after adding about 
2 % of barley sprouts so as to furnish a little organic nitrogen which 
increases the yield. 

C. Kather thus obtained 14.6 litres of alcohol per 100 kg. of dry 
seaweed. The residue, again treated in an autoclave, gave a further 
7.53 % of alcohol. 


(1) Cf. Comptea rendua de VAcadimie d' Agriculture de France, Vol. 4, No. 14. PariB, 191B. 
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This process evidctitly depends on very cheap and easily obtained 
raw material ; the prinicipal expenditure is on labour and fuel, so that 
the process* is worth considering: in places where sugar yielding sea- 
weeds can easily be collected in large quantities. 

Certain lichens (Lichen islandicus and Cladonia rangiierma) are 
of value on account of their high i>ercentage of carbohydrates (liehen- 
ina) which varies reskpectively from 60 to 55 %. In this ease too the 
treatment required is with 2.5 % of liydrochlorie, acid or with (i % of 
sulphuric acid. The dextrose obtained is 60 to 66 of 1h(‘ material 
analys^jd. 

Ae^'ording to Elluodt and Kuwz in order to obtain tlie max- 
imum yield of alcohol a tn^atment for one hour with sti^am (witli a 
pressure equal to three atmospheres) is ri(^e,essary, then one with 
hydrochloric acid for another hour with heating at t lie sjune ])ressure. 
By this method 1 kg. of lichen gives 282 (*<‘. of alcohol, equivalent to 
28.2 litres per quintal (0.1 metric ton). 

It has been jirojiosed to manufacture alcohol in this way from the 
lidliens fouml in great abundance in Jt^weden, but it lemains t o establish 
in this case too tlie relation between the yield and the* (‘xjauises of 
gathering and cost of the process (1). 


2. — Alcohol from sawdust and peat. 

Studies and experiments in the utilisation of sawdust for making 
alcohol has been made at various times. 

8uch researches w(‘r(‘ naturally pursu(‘d with rculoubled vigour 
during the war, all the more, so because some processes seemed to ]U'o- 
mise sufficiently high yields to render profitable the utilisation of large 
quantities of sawdust pro<luced in the saw-mills and, in case of need, 
also of wood pur])osely reduced to meal. 

It seems however probable that when the conditions of production 
of alcohol from mangolds, molasses, C(?reals and jiotatoes have again 
become normal there wdll not be much advantage in treating sawdust. 

The general iirocess of transforming sawdust into alcohol is as 
follows : — cellulose can be partly transformed into dextrose and other 
sugars by treatment with acids under pressure. After neutralisation 
of the acids with lime, soda, etc,, the greater jiart of the sugar formed 
can be subjected to the action of an alcoholic f(‘Tmert; the alcohol 
formed is then distilled (2). The procedure is as follows (3) ; — the 
cellulose is hydrolysed with sulxdiuric, or hydrochloric, or suliihurous 

(1 ) MoNiEn Williams G. W. Pov^pt- A lcohol London, H. Frowde and lloddor and Stoiiph- 
toii, 1922, p 113. 

(2) Uf. SiMMONDS Ch., Alcohifl, p 24 London, Marnnillan. 

(3) Fokmenti, op. cit., p. 263 — For the description of the processes in which the above 

aoids are employed, see : 1) E. Hubbarij ,T he Utilisation of Wood- Waste London, Scott, 
Greenwood and Son, 1920, p. 13fi In this work several procoBsea of utilisation of HawdiiSt 
ore also discussed. — 2) Monier William.s G. W , op. oil , p. 120 — Cf. also ; F. W. Khesb- 
MAJffN, The manufacture of ethyl alcohol from wood waatc, in U, S. Dept. Ajr. Hull. 983. 
( 1922 ), ' • 
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acid, to transform it into dextrose, soaking it' with Vs of acid (snl- 
Xjlmric) aboiit 3 % strength while it is heatf.d and stirred until* a 
temi)erature of 165° C is reached for two hours. One ton of sawdust 
may yield from 200 to 260 Jig. of sugar of which 85 % is capable 
of fermentation. The sugar is extracted by lixiviation with water, 
the liquid is neutralised with carbonate of lime, allowed to settle, de- 
canted, ami fermented with brewers’ y'3ast ; the ctlcohol is then distil- 
led. From 100 kg. of sawdust, G litres of alcohol can be obtained, 
on the av(U’age, but certain writers indicate a yield which may be as 
much as 9 litres. ^ j 

In MEimoLW’ process, which diJT(‘rs from the ordinary pT^pcesses, 
the sawdust is treated in an autoclave (20 to 25 atmospheres) with^ 
solution of caustic soda. The liquid obtained is next diluted, Jbhen 
sterilised with ozonized air and Macedim^ae (Amylomyces Eouxii, .A 
Oryzav, etc..) are sown in it, wliich transform the eellulose into sugar; tlu\ 
latter ferment.s quickly without the addition of other yeast, and jn’o- 
duces alcohol. 

From 100 kg. of wTJod 12 kg. of sugar may l)(^ obtained and 65 tg, 
from 100 kg. of straw. 

These ligur(*s seem to us (exaggerated. Thene is also a Kocher 
patemt (English patent 107219), by which an almost complete con- 
veu’sion into sugar of the cellulosie is obtain(‘d (in what manner is not 
stated) in 24-48 hours (1). 

Peat (mossy peat containing 8 to 33 % of c(*llulose) is treated like 
sawdust. From 100 kg., 10 litres of alcohol is obtained. The residue 
can be used as fuel or as manure (2). 

It is understood tliat the above figures apply to dry peat, since 
if th(‘ moisture is reckoned as 90 %, the yield of alcohol is only 1 %. 


(1) (!!If The tSnulh African Journal of Industry, v. IV, No. 2. Protona, 192J. — For 
tho preparation of wood meal, (]Jf. Khkssmann Fr \V , iii The Scientific American, Supple- 
ment, vol. LXXXIl, No 2127. New York, 

In a pa])er by M. H. C Hawl.ey on the manulueture of alcohol from tho waste wood 
which 18 obtainable in the United States bireats it is stated that more than 1114 million 
cubic in are lost as waste in the forests and sawmills Adding to that quantity 48 4 million 
cubic in destroyed annually by tires, insects and fungi wo get 182.8 million cubic lu which 
might be used for tho production of liquid fuel Allowing that 1 ctTbjc rn of wood weighs 
480 kg. and that I ton will produce 02.5 litres of alcohol, tho 182.8 million cubic m equi- 
valent to 87 744 000 t. could furnish fti.H million hentolitros of alcoliol 

Uy calculating also tho inereased production which would result from intensive forestry 
tho writer reaches double tho above mentioned quantity of alcohol. 

W'lth present methods of rnaniifacturo of wood alcohol, the cost of wood at tho factory 
is estimatod, on the average, at 25 cents per gallon (0.31 fr per litre of alcohol produced) but 
this cost could be reduced to 7 cents per gallon (0.09 fr per litre). 

But after that., there is ono very important observation to be made, mainely that further 
improvements are necessary in tho processes of utilisation of the cellulose so as to obtain 
an increased yield of alcohol In any case — the writer remarks — this utilisation of wood 
on a large scale for the manufacture of alcohol cannot become very important in the United 
States for the next ton years or more ((X The Journal of Ind. and Engirt. Ghent,, V. 13, 
No. II, N Y., 1921, p. 1059). 

(2) Bulletin de rAaaoc. de^ Ghim. dcs Suer, et Distill , 1907, No. 24. 
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By the Pique process (1 ) 225 kp. of moist peat ar?* treated with 
400 to 460 Jitres of w^.er and 3 to 4 litres of sulphuric acid for 45 mi- 
nut/es under a pressure ecpiivalent to three atmospheres. The liquid 
separated und(T this pressure is made to^ferment by addin^^ an alcoliolic 
ferment {JSaccharow/iiccs ellipsoUlens) whudi has previously become used 
to the action of the toxic, substances in the ])eat. 

In conclusion the repeatc'd attempts by various ju'ocesses to ex- 
tract alcohol from subst.anc(^s containing cellulose have gtmerally 
given unsatisfactory results, so that, now as fornuuly, we iiifiy con- 
sider this problem as far from solution. 

3. — Alcohol from straw. 

On this subject some memoranda are available (2) of a lecture 
recently given by Dr. Hakgreaves, Director of the Division of C'liem- 
istry of tlu^ South Australian Imlustrial Dejiartmcuit. Tie slates 
that if the straw grown round Adelaide wilhin a radius of 100 miles 
(nSore than million tons) was used in making alcoliol, instead of 
being neglected or wast(Ml as at present , 80 gallons of aicohol per ton 
of straw, or a total of 40 million gallons could be obtaiiuMl, which could 
be Used for intcuual combustion motors. 

The peiiodical quoted points out. that th(‘ writer has md givcm de- 
tailed information regarding the ])roc(‘ss which h(‘ recommends. But 
there seems reason to think that this process is one of those* by which 
sawdust is treated by hydrolysis with a dilute mineral acid under 
pressure, to transform the existing starch and part of the c(*llulose intx) 
sugar capable, of being fermented. 

Experiments on a commercial scab* were* ciuricf out iji Burma 
with rice straw, on the lines of the process patented in England by 
A. B, C. Kogers and C. Tl. Bedeord (Tso. of patent 144,079, 1919); 
the straw was first treated with suj)erheatod stiMin, then converted 
into pulp and digested wit h hydrochloric acid (3). The liquid obtained 
is neutralised and then f(*rment,ed. The exact ligures of th(‘ yiehi 
in alcohol arc not available, nor is it cl(*ar whether tin* sugar obtained 
is the result of hydrolysis of tin* cellulose or derived from the preformed 
sugars or the hexosans of the straw, as seems j)robable. 

In rice straw, Takeuciii of Tokio found the following percent- 
ages; dextrose and sucrose 3.5, starch and hemicellulose substances 15, 
pentosans 15, jn'otein, fats etc. 7, crude* fibre 31, ash 12. 

4. — Alcohol from maize rachides (4). 

W. H. Petersen, 1^]. B. Zred and J. H. Verhulst made experi- 
ments in the fermentation, using Bacillus acetoethylicum, of a syrup 
obtained by hydrolysis with dilute sulphuric acid from maize stalks : 

(1) Jaoquet L, L'AIcuol, p. 42. Panw , 1912 Masson & Ci«. 

(2) Commercial FerUliHcrt vol. XXFTT: No. fi Atlanta, G. A , 1921, j) 40 

(3) Cf. Monikk WiiiUAMs G. W. Op. cit., 147 

(4) Cf. Journal of InduM. and Engin. Chem.^ Vol. 13. No 9. \Vafaliin.?ton, 1921, 
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their results were, for every 100 parts of weight?,* 6.8 of ethyl alcohol, 
2.7 acetone, 3.4 volatile acids. In addition fol‘mic acid, acetic acid, 
and carbon dioxide result. ^ 

By heating the stalks ftjr about an hour in a pressure of 1.35 
atmospheres with dilute acid (i. e, water four times, and acid eight 
times the weight of the stalks), there is obtained a higher yield of fer- 
mentable sugar, i. e, 25 to 30 %, chiefly xylose. 


5. — Alcohol from liquid residues of cellulose manufacture! 

For every ton oE cellulose produced there arc about 10 tons Of 
these liquid residues, which contain dextrose and otlier sugars, vatiouB 
acids, methyl alcohol, nitrogenous matter and resinous substances. \ 

The quantity of sugars sus(*eptible of fermentation is betweem 
1.5 and 2 %. 

To etTec.t ferirumtation of these liquid residues it is first of all 
necessary to eliminate from them, by evaj:)()ration, the sulphurous afeid 
which would kill the ferments. Extract of malt is julded and the fer- 
ment sown. After a few days fermentation is finished and the liquid 
is distilled in apjiaratus working without interruption. The alcohol 
obtained is slightly imiiure since it contains a little methyl alcohol, 
some aldehydes and some furfurol. 

The yield in alcohol is 1 % or more of the evaporated liquid 
residue (1 ). 

In Germany these liquid residues were largely used during the war. 
Twelve factories were established capable of dealing with the liquid 
derived from the production of 287,000 tons of dry cellulose. About 
3.2 % of alcohol was obtained mainly used for the manufacture of 
explosives. According to Bergstrom 30 kg. of methyl alcohol, used 
in the manufacture of varnish and various chemical products, can 
be obtained per ton of dry cellulose. 

According to G. J. Fowler and B. Bannerjee (2) motor-spirit 
can be obtained from the residual sugar of cane-trash and the sugar 
yielding substances it contains, and also from the residues of the cel- 
lulose x>ulp used for paper-making. The hydrolysis is effected in an auto- 
clave lined with lead, by the use of suljihuric acid diluted from 0.35 
to 0.50 % in quantities not exceeding 6 % of the weight of the fibre. 
The best result is obtained after 15 to 30 minutes with a pressure not 
higher than 4.5 kg. per cc. 

The heating and subsequent pooling have to be very rapidly ef- 
fected, so as to counteract the destructive action of the acid on the 
fibre. The highest jiercentage of sugar thus junduced was 36 % when 
the cane- trash contained 7 %. Allowing for a 1 % loss of the *orig- 

(1) Cf. 1) SiMMONDS Ch , Alcohol, 0. 97. — 2) Monieb Williajis G. W. op. cit., 
p. 148. 

(2) Cf. Joum. Indian Ini. Set., No. 16, 1921. ‘ 
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inal sugar it may be e'btimated that with hydrolysis of tfie non-hbrous 
tissue 30 % of sugar Vas obtained. 

The saccharine solution is clarified with lime and fermentation is 
induced. The net yield of alcohol, apaish from that obtained from the 
original sugar contents of the residue, is about 8 to 9 %. 

From “ acque d*inferno ” *(1) w hich ^are produced in hundreds of 
thousands of tons in olive-growing eoiintries, there (‘an be obtained, 
by speedy fermentation, about 15 litres of rectified (dhyl alcohol per ton, 
as weU as from the distillation rc^sitlue, 3 kg. of ammonium sul])hate, 
and 3 tg. of phosphoric acid, or of iiotassic salts. The ]jartly solid 
residue after these* extractions can be distilled and gas and carbon 
obtained. It is wmrth noting that this is only advantagc'ous when 
large quantities of this water is available. 


6. — Alcohol from horse-chestnuts. 

Dm’ing the war large cpiantities of horse-eh(\stnuts waue utilised 
bj'' the distilleries foi* making alcohol and acetone intend(Ml mainly 
for manufacture of exi)losive8 ; and corresi)onding (piantities of maize, 
barh^y, potatoes and molasses were thus sav(*d. 

The crushed horse-chestnuts are converted into sugar either wdth 
acids or with malt, brewer’s yeast, is then added and it is made to 
ferment. 

A good starch may also be extracted from them by Uie ordinary 
processes of lixiviatioii of flour. They are also used for making tan 
extracts. 

Researches made by Kayseu, I)irc*ctor of the Laboratory of 
Zymotc(?ihnic8 of the Agricultural Institute at Paris (2), have shown 
a yield of 27-28 litres of alcohol per 100 kg. of dry hors(‘-chestnuts. 
This yi(dd is less than that obtained with maize but it. is ])rofit.able 
because of the low cost of the raw material. 


7. — Alcohol from acorns. 

The treatment of acorns, from various species of oaks, (jontaining 
about 40 % of starch and a httle saccharose, is similar to that de- 
scribed for horse-chestnuts. Kayser (3) by saccliarifying the starch 
in them in an autoclave at 120-122° C. with Water acidulated with 2.5 % 
of hydrocliloric acid + 1 % of sulphuric acid, for one hour, obtaineci 
a yield of 8.58 to 20.16 litres of alcohol per 100 kg. of whole dry acorns, 
and of 28.3 to 31 litres per 100 kg. of seeds without cupules. 

(1) R. De MANJARnibs. Kev Vin, y de Agr.^ XLI. No 4 Sara^oftKa, 1922. 

(2) Feuille Informations du Miniature da VAgriouUurd^Y GBX 1^0 45. Paris, 1917, 

(3) Cf. : 1) Feuille d^Informationa du MinistiTe de V Agriculture, Yea? XXII, No. 5. 
Paris, 1917. — 2) The South African, Journal of India, vol. JV, No. 2. Piotona, 1921. — 
3) The Indian Forester, vol.* 48, No. 3. Allahabad, 1921. 
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8. — Alcohol from certain arums. 


Alcohol is derived from two species of the Aroidea^ Arum macu- 
latum L. and A. italicum L. (Fig. 80), which grow wild along hedges and 

in woods of oft, hern Italy and of the 
Apennines, in the siib-alinne and 
moiintainons n^gions. They also grcjw 
in otlu^r temx)erate climates ► uridier 
similar conditions. These plants have 
a fecnl(‘nt rhizome, larger in the 
seennd S] secies, which may attain 
at 3 years old a maximum weight 
of 250 gm. and an avc^rage weighty 
of 80 gm. 

Tf these x>lants, which are regard - 
(m1 as weeds, an^ gathered in the non- 
groAving season tlay give rhizomes 
fairly rich in starch. 

Trof. E. Pantanelli (1), Director 
of the “Station (PAridoculture '' at 
Bari, has obtained under these condi- 
t’lQ. HO — Arum iiaZtettm. LeaveH, Spadix tionS, flOlll fiesll ihizoilies, 18 of 
and Fruit, pure stareh, 20 to 23 % of glucose 

From liKUTTiNi A., oji cit. and by fermenlation of the latter 

10 % of alcohol, all of good quality. 
M. Pantajselli states that the arum ean b(‘ cultivated but that 
it is better to iis(^ the wild arum. 



9. — Alcohol from asphodels. 

The jdants used are two of the Liliacea^, Asphodelus ramosus L., 
the more eommon (Fig. 81-82), and A. lutvus L. both herbaceous, 
l)erennial plants, with t uberous roots, edible. They grow spontaneously 
in large numbers on uncultivated land in rather warm climates: — 
Sicily, Southern Italy, Southern Europe, North Africa, Asia Minor, etc. 

In Arabia an excellenti gum is extracted from the roots. Both 
roots, and wdien fodder is scarce, also the leaves are fed to cattle, goats, 
donkeys and pigs. Cooked and dressed in different ways these roots 
are also used as human food. 

Their utilisation for the manufacture of alcohol is fairly ancient. 
It has been recently tried by Prof. E. Pantanelli (2) and by E. Mo- 
naco (3). 


(1) Le Slazioni aperimentah atfrarie italianCf vol^ 41, Parts 1-2. Modena, 1918. 

(2) Cf. Le Stazioni sperimenfah agrarie italiane, vol, 41, Parts 3-6, Modena, 1918. 

(3) Cf. Ann. d'Ing c Arch., Year XXXIll, No. 8. Rome, 1918. 
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The sugar and tile colloidal carbo-hydrates suscepfible of being 
converted ijito sugar fiontained in the roots give a yield of 14 % of 
alcohol if they are collected in December and of 22 % if collected in 
August. The best season for collecting ifi the tlowering season, in May- 
June. 

From 100 kg. of roots 8 kg. of alcohol can be obtained, but, in 
practice, 6 to 7 % ’is not 


exceeded. 

If cultiv ated the asphodel 
might • produce 8 tons of 
roots p(»r acre. For manufac- 
tiu’e of alcohol, they are 
subjected to the following 
operations : — wasliing, chop- 
ping, pressing, addition of 
25 % of lukewarm water 
to the residue and a s(‘(H)nd 
pressing ; addition of sid- 
phuric acid al. 2-3 stnmgi h 




Fig. 81. — Aaphodclus rcnnosu9. 
Infloroiiconco and tubercles 

From URDTTtNl A., op cit. 


^ ^ ' 

Fig. 82 — TubercloH of (two years’ jzrowlb) of Af<phodelu8 
ramosus, gathered at MuccarcNr^ Rome, 


and boiling; fermentation with brewer’s yeast (200 gm. per 120 litres 
of bquid) ; distillation. 

From the barked green stalks of A. rarnosus textile fibre may be 
derived by retting ; it can also be obtained from the leaves which are 
gathered for this purpose when growth is most active, that, is to say 
at the flowering season (1). The best roots for collection arc* those o1 
the 2nd year. They contain a bundle of strong fibres which can be 
used as textile material, provided the roots are (musIhmI without rasping 
or cutting them. These fibres are of two kinds — those which are 


(1) Of. Mingioli E., Dell’ utdizzazi one dalV Asphodelus ranwfius. Hall, quindicinalc della 
Soc. deyli AgHc. lial , Yea^ XIV, No. 5. Rome, lUOM. 
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pa:b!^ it. 


near the bart have a silky-fibrous texture ; those inside are cottony 
and are more suitable for making a paper pulp orgood coheijive quality. 
The turions and roots are, as has been stated, eaten by animals and 
sometimes by man, but are especially suitable for pigs after the bitter 
substance is removed by soaking in water followed by boiling. 


10. — Alcohol from feather hyacinths. 


Muscari common m (Fig. 



Fio. 83. — Feather hyacinth. {Muacari 
cortMeum). Inflorosccnco, Flower, Lea- 


83) and If yaeinthus cUiatuH Were Me 
subject of experiments made by 
Prof. F. Pantanflli (1) with a^vieV 
to the ])rodnetion of alcohol, and 
their use for human consumption. 

Ill the country ])arts of the 
Provinc(‘ of Foggia tlie bulbs of t}\ese 
two species are eah n by the country 
f(>lk and those ol the former are 
even exported to America for the use 
of llu‘ emigrants from Foggia who 
are living there. 

Th(‘ ex])eri meats showed that the 
bulbs contained, respectively, 23.01 
and 20.21% of sugars + carbo-hydrates 
suscejdible of conversion into sugar, 
determined at the (uid of the growing 
period Hydrolysis was effected by 
boiling the bulbs for an hour and a 
half with an equal weight of suli)huric 
acid of 1 % strength. The excess of 


vea and Bulb. axad was then neutralise<l vdth ear- 

Frmii Dr. A. Fioui, ori. cit. bonatc of lime, the liquid exi)res8ed 

and 1 % of phosi)hate of aftimonium 
added, then tart.aric acid until the i)reeipitate of pho8])hate of lime 
was dissolved. Distiller’s yeast was next added and the whole allowed 
to ferment at 20^ C. for 4 days. The experimenter obtained absolute 
alcohol 10.5 % in weight and 13 % in volume of the bulbs with 
Muscari cowosum and 8.4 and 10.5 % respectively with HyaHnthus 
ciliatus. 

These yields show that the manufacture of this alcohol would 
be profitable. The best season for harvesting these si)ontaneous bulbs, 
in Apulia, is from June to December. 

The bulbs should be used fresh ; otherwise their yield of alcohol 
decreases. 


(1) Cf. Pantanelli E., TJdo del cipollaocio per Palimtentazione umana, e la pro- 
duzionfi dell'aloool, in Lc Stazioni ^perimentoli agrarie italianCf vol. Lllb Noa. 1-3. 
Modana, 1920, 
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11. — Alcohol from wild chervil. 

Wild chervil (Anthriseus sylvestris) (Pig. 84) is a biennial uinbellifer 
very abundant on wooded lands (1). The fresh root contains; — reduc- 
ing sugar 0.96 % saccharose 5.64 % — feeiila 14.50 %. Stock 
refuse to eat it on account of its disagreeable odour. 

To obtain alcohol from it, the sugars might be extracted with 
water tand the remaining starch wouhi be treated by llie ordinary 
processes. The collection of the roots should la* made aft(*r the Ist 
year of growth. 


12. — Alcohol from prickly pears. 

As the dill'erent kinds of ])riekly ]a*ar, and esi)ecially the Opuntia 
ficus indica, cultivated in Sicily and els(‘wh(‘re, yield large* epiantities 
of fruit, more or less saceharine, it would be a great advantage. t.o be 
able to utilise them I’or making alcohol. Attemi)ts on a more or less 
extensive scale have ])een niade from time to time, buti the results 
have not be(‘n encouraging (*ither in quality or ((uantity. According 
to C. Ulpiani and L. Sahooli (2) a select, ( mI ferriient, should be U8(*d, 
the mixture having first been st-erilised, but this is not a suitable jnocess 
from the economic- standpoint. When Saevharmyces Fastorianus II 
was added to the mixt ure, tin* i)ereentage by weight- of alcohol result- 
ing was 8.21, whih* by using the ferment occurring on the ]jlant (aVc^c- 
charomyces Opuntiae) tin* percentage was 5.62. 

Prof. Pantanelli (3), by causing these fruits to ferment through 
the medium of metabi sulphite of potassium (30 gm. per 100 kg.), 
obtained 9 litres of absolute alcohol per 100 kg. of fruit, i. e. at 
least 600 litres per 1 hectare (2.47 acres), and in addition 900 kg. of 
dry residues from the pressing process (which contained 64 kg. of 
oil, 5 kg.* of phosphoric anhydride, and 97 kg. of potash and soda), 
and also 450 kg. of dry distillation residue which can be used as 
stock -feed or fertiliser (4). 

(1) Of, Colin H , in BiiVriin de r 4.aoociatton des Chimistri^ de Sucrcnc et dc JHstilleritf 
Vol. XXXV, No 10-12 Piiri.s iOlS 

(2) Of. Gaz-etta Chim. Ital., Vol. XXXI, pari. II, Homo J90« 

(3) E. Pantanelli Produzione di aloool dal fico d’lndia, in Le Staz Spvrim. Ayr. 
Itah, Vol. LI 11. Modena, 1920. 

(4) A Company has been formed at Bloemfontein with a capital of £100,000 under the 
name of the *' South African Motor Fuel Development Co. Ltd. ” for the manufacture of 
alcohol as fuel from the prickly pears which prow wild there over a territory of 2 million acres. 
Keckoiiing tlie production of fruit as 20 ton.s per moryen (about two acres), and that every 
ton of pears may produce 13 gallons of alcohol, the two luiUion acres should yield 260,000,000 
gallons. (C£. South African Journal of Industrie^, Nov. 1922). 
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13. — Alcohol from arbutus (1). 

The fruits of this woodland plant (Arbutus Vnedo, L.) (fig. 85), 
widely spread in Italy, J^pain, Dalmatia, etc., contain considerable 
quantities of sugar, bnt it has not i)rOved of economic advantage to 
extract, it. 11. is however (nisy^to obtain a liqmuir of excellent quality by 
fermenting the fruits. According to Prof. La Marca the alcohol 
rectified to 80^0 is almost equal to that of wine and better then that 
of wine-lees. La Marca adds how(wer that care must be exen.jised in 
the fermentation and also in gathering, which must- be systematically 
carried out und<‘r good weather conditions. \ 

An Arbut us wine is also matle containing about 9 % of alcoholl 
called in Tuscany “ Albatrino ” (from the luime “ All^atrella ” given to 
the fruit). The yield in alcohol, according to an experiment of S. Loddo 
of Lannusei, would be about 9.70 litn^s at 70^ to 72° per hectolitre 
of fruit of the first gatlauing in November. This alcohol is suitable 
also for liqueur making. 

During the war the following species were also recommended 
for the jmxluction of alcohol (2) : — Bcrbrrfs vulgaris (huii) (fig. 80) j 
Varnniiim Mifriillus (h uit.) ; Bmpvtrum nigrum (fruit) ; Daucus 
Carola^ wild (roots); Hermiewm sphondglium (roots); Laihyrus monianm 
(tubers) ; Trilivum repens ; Phragmites vommunis (roots) ; Geraionia 
silifjua, carol) (fig. 87) (fruit ) (8), etc. 


14. — Oils from plant residues. 

In the following chaj)td’S information has been brought, together 
as to the characd, eristics and uses of various oils edible or non edible 
obtained from plant residues. In the section dealing with human 
food prepared from various residues it was noted that the question 
of oils would be dealt with in this j)art. 

Put before discussing se])arat(‘ly the chi(‘f kinds of these oils, 
it seems advisal)le to subjoin, as a general survey, a list of wuld i)lauts, 
from which are extracted or might be extracted oils and other fats. 

Il) Cf 1) Cl, S \.Ni, Atti If Acc'td Linr/i, I})!.'), Vol XXIT, fol. 12, let- series, p. 884. — 
2) 1,,A Maui’a. F. ll Corbrzzttlo, Casale, Maroscalchi, 1914, 'with bibliography. 

(2j Dikls, op. cit , p 218. 

(3) 111 the maiiufacLiire oi iilcohol from carnbfs about 10 per cent of seeds are obtained 
as waste with luechunical separation ; those seeds are purchased by factories of coffee 
substitute in Italy and elsewhere at about 2 lire per kg. (present price) ; that is to say this 
waste material doorcases tho cost of carobs by 20 lire per 100 kg. In a oarob distillery at 
Catana (Sicily), tannin is also extracted from this waste, while burning the residue from 
the used up caroba effects a considerable economy of coal fox the boilers : 100 litres of 
absolute alcohol a= ,*10 kl^ of coal. (Cf. Qiom di Chim Ind e Appl.t Years III-V, 
Nos. 1213. Milan, 1921, 1923. 
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A complete list would-be too long and too difficult to compile ; this 
one merely contains the commonest and most accessible species of both 
the European and colonial flora. 



Fia, 84. — Wild cliorvil. Flowers, 
Leaves and Fruits, 


Fio. 85. — Arbutus. Flowers, ],.eavoB 
and Fruits. 


From Dr. A From, op. cit. 


From Dr A. Fioiu, op. cit. 




Fio. S6. — Berberis vulgaris. Flowers, 
Leaves and Fruits. 


Fio, 87, -- Carob. Flower, Leaves 
and Pod, 


Frpm 'Dr. A, Fiobi* op. cit. 


From Bruttini A., op. cit. 


21 
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PLANTS YIELDING OILS AND OTHER FATS, EDIBLE, InAosTRIAL, M^pICINAL, ETC. 

WHETHER FROM FRUITS, SEED, ETC. (1). 

1) r y i n oils: CirsiuU sp. — Carduus sp. — Lappa sp. 
Carya oUvaeformiH, C. alba — Nicoiiana Tahacum, N. rustica 
Hyoscyanms nigra — Airopa BeUadonrpa — Solgnum lyycoperHicum 
PiceaexcdHa — Pinus sylveMris^ ]\ Cvmhra — Asparagus offieinalis 
Itobi nia Pseudacacia. 

S 0 Til i “ (I r y i II oils: Cuvurhiia Pepo — Pagus sylvaUca 
Brassiea sj). — Sinapis sp. — Raphanus saiivus. It. RapJianistfum 
Lepidiurn sativurn. 

N o n - (1 r y i n g oils: Pyrus sji. — Prunus sp. — Vlnius st 
Evonymns europaea — Citrus sj). — Corylus Avellana — Cornus san- 
guinea — Li gust rum r/ulgare — Sam bums racemosa^ S. nigra —\- 
Aesculus Tf ippoeasianum — Tilia ^). — Vitis vinifern — Ribes 8]). 
Rubus sp. — Berberis vulgaris — Cydonia japoniva — Rosa sp. — 
Fragaria vesva — otc. r 

The following species may also be mentioned, taken from works 
by E. CmovKNDA, Y. TIeisiiit and IF. Jumelle : 

Cyperus longus L., C. esmlentus 1j. — Cimbopogon nervatus 
C'liiov., C. giganteus ('hiov., C. comaius Chiov., V. sennaarensis Chiov. — 
Ximenia aniericana L. — Argemone mexicana L. — Moringa> oleifera 
Lain. — Citrus liystrix 1). C. subsj). aeida Proxb. — Balanites aegyp- 
tiaea Del., B. Manganii Sjir. — Triehilia emetiea Valil. — Melia 
Azedarach L. — Azadirachta indiea Juss. — Jatropha Curcas L. — 
Rieinus communis L. — Thespesia populnea (^ar. — Calophyllum 
Inophyllum. L. — Poly gala butyracea Heck. — Seeuridaca longipe- 
dunculata Fr(\s. — Carum copticum Benth. — Bulyrospermum ParMi 
Kot. — Salvia nudicaulis Vahl., S. Schimperi Benth. — llyptis 
spicigera Lam. — Telfairia pedata Hook. — Guizotia abyssinica L. — 
Adansonia digit at a — A. madagascariensis^ A. Grandidieri — Pen- 
tadesma butyracea etc. — Lophira alala — Carapa guineensis — Ir- 
ringia gabonensis, 1. Olivieri — Pentaclcthra macrophylla — Garcinia 
indiea, — Lecythis urnigera, L. Ollaria — Acrocomia selerocarpa — 
Attalea Cohune — J uni perns macrocarpa — Pistacia Lentiscus, P. 
Terehinthus — etc. (2) (3). 


15. — Oils from seed residues of wild plants, etc. 

Besides those mentioned lliere are many other oils that can be 
obtained from seed residues or from seeds and fruits of wild plants, 
ordinarily not utilised. The list of these plants would be very long, 


(1) Of. Diels, op. ni 

(2) Of. Ghievb M, Economic Tree and their By-products. Pr. by F. Newbery, Lon- 
don, 1920. 

(3) For nuin> oils obtuiriod from Italian or exotic plants, not mentioned here, see, 
besides Lkwkoviti h, alrondy frequently quoted, also H. Jumki-t-k, Los Huilos V^^gAtales. 
J. B. Bmllicro et fils. Pans, 1921. 
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• • 
here only the principal characteristics of the best known kinds of oils 
will be not%d (1). 


Oils of apple and pear pips.* 

• 

Apple pip (21)";,) 

Pear pip (29 to 28 

Specihe weight: 

o.flcu*; 

0.9177 

Acidity 

-57.4 

39 

Hehner No 

93 

91 

Kottstorfer No 

202.00 

113 

lo^dine No 

135 

121 

^^alty acids : Iodine No 

83 to 85 

101 to 104 

» )) Saponification No. . 

. 288 

196 


Oil of seed of wild artiehol^e* (15 to 18 %). 

Oil of charlock seed (liaphanus raphanislrum) (50 to 40 %). Spe- 
cific j^ravity at 15« C. 0.917. 

Oil of Kapok seed* {Eriodendron anfractuosum) (LM) to 2i %). 

Extracted under pressure: Specific weight at ]5« C. 0.9218; 
refractive index at 40« (\ 1.4650; iodine JVo. 88.7 ; acidity 21.6 ; sa- 
ponification 192.5 ; Kcdehert-Meissel Iso. 0.8 ; Folenske No. 0.11 
to 0.34. 

Oil of lime tree seeds* (Tilia sp.) (up to 58 %). A yellowish oil 
of palatable flavour ; at 20« C. is still fluid, keeps well and if kept 
covered from the air will not be(*oine rancid. 

Oil of Kaki seed {Uiospifros virginiana). Colour brownish yellow. 
A semi-dryinj^ oil. Specific w^eifjlit at 15o C'. 0.9244 ; freeziiif,^ point 
— ll^C. ; meltinjr point — 6^‘r. ; saponification No. 188 ; iodine No. 115.6 ; 
Keiclicu’t-Meissel No. 0.0 ; Tlehner No. 95.9 ; acetile No. 7.15. 

Oil of the seeds of Emmymvs * (Evonymus Evropaeus) (28-29 %). 
Reddish-brown in colour. S})eeilic weij^ht at 15*^ (\ O.lKiOO ; saponifi- 
cation No. 230.1; iodine No. 100; ethers index 146.1; Heichert- 
Meissel No. 35.1 ; Hehner No. 83 ; u:lyc(‘rin No. 7.99 % ; refractive 
index at 40° C., 52 ; freezing point, — 10° 

Spurry seed oil* (Spergula arcensis) (11.2 %). Saj^onitieiition 
No. 181 ; acidity 15.7 ; iodine No. 146.2. 

Oil of elm tree seed * {Ulmvs earnpesiris) (26.9 %). Extraeled with 
benzene and has a p’reenish colour, withouti any j)arti(MUar smell or 
taste. Specific weight at 20° C. ; 0.9559 ; freezing point. — 3.5° C. ; 
melting^ point + 5,7° C, acidity 5.57 ; saponification No. 277.3 ; 
Hehner No. 75.45 ; Reichert-Me'ssel No. 3.75 ; iodine No. 32.2. 

Oil of Chili seed (Capsicum annvum) (20 %). Specific weight 
at 15° C. 0.9296 ; acidity 52 ; Hehner No. 92 ; Kottstorfer No. 270 ; 
iodine No. 84.6 ; refractive index 1.4776. 


(1) The partirularB arc taken from the work of L JO Anprs Vof/ctabilisclie »ttc und 
Oele. Vienna and Leipznr , A. Hartlobeii 1921, pp. 176 and seqq — See alwo .1 Liawico- 
vitc:!h, op, cit. — JuMEiiLis H. Loa Huiles v6g4taloa. l*ariH, Uailln^ro, 1921 — Jamieson, 
G. S. and Baughman W., Okra Seed Oil, in Jovm. of the Amcr. Chem Soc , Vol. XJ^II, 
No. 1, 1020, — , * Oils marked with an asterisk are not drying oils ; those without asterisk 
Me drying oils. 
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Oil of bilberry seed (Vacdnium myrtillus) (3:(.%). Specified weiglit 
at 15° C. 0.9331 ; refractive index at 40° C. 71.8 ; iodina No. 167.2; 
saponiflcation No. 190.4 ; acidity 6.8 ; Eeicliert-Meissel No. 0.66, 
Polenske No. 0.30. 

Oil of 'pineseed (Finns sylvestris) (about 32 %). Specific weight 
at 15° C. 0.9326 ; saponification No. 189.8 ; iodine No. 147.1 ; refrac- 
tive index, at 40® 0 1.4685 ; .acidity 0.8. 

Oil of buckthorn seed (lihamnus cathartica) (8.85 %). Greenish- 
brown in colour, scentless, but with a pleasant taste. j 

Oil of spruce seed (Finns abies L.) (21.8 %). Yellow, thick with 
a pleasant scent. S])ecific weight at 15^^ C. 0.9326 ; saponification 
No. 192.6; iodine No. 120.9; refractive index at 40® 0 1.4683; 
acidity 4.2 ; fatty acids 91.52 % (see p. 341). • \ 

Oil of cedar seed (Finns rewbra) (56 %). Spc'cific weight at 15® O. 
0.930 ; Hehner No. 91.97; saponification No. 191.8; iodine No. 159.8, 
acidity 3.25 ; glycerin 10.31 % ; fatty acids 95.74 %. 

Oil of dwarf mountain pine seed (Finns niontana Moll.) (29.6 %). 
Specific weight at 15® C. 0.9318; saponification No. 189.6; iodine 
No. 1.457 ; refractive index at 40® (J. 1.4680; fatty acids 91.3%. 

Oil of cypress seed (Cnpressus sempervirens). Green, with aromatic 
scent and taste. Specific weight at 15® C 0.9320; saponification 
No. 188.6 ; iodine No. 135.1 ; refractive index at 40® C. 1.4829 ; acidity’ 
2.3 ; fatty acids 91.58 %. 

Oil of asparagus seed (Asparagus officinalis) (15.3 %). Yellowish 
red. Specific weight at 15® 0 0.928; No. of saponification 194; 
iodine No. 137. 

Oil of okra seed (Abelmoschus escnlentns). Iodine No. 93.2-100.3; 
saponif. No. 195.5; Polenske No. 0.23; lleichert-Meissl No. 0.26; 
acetyl value 11.5-23.9; acid value 0.34-1.42; refractive index at 25° 
1.47; non-saponif. matter % 0.37 ; non-saturated acids % 67.33;. 
saturated acids % 29.22. 

Other oils obtained from wild plants are as follows : 

Burdock oil (Lappa communis) ; Eitro Globe thistle oil (Echinops 
Bitro) ; Cow -wheat or Horse flower oil (Melampyrnm arvense) ; Dwarf 
elder oil (Sambucus race7nosa) ; Bastard rocket or Bazocks or Wild 
Mustard oil (Brassica arvensis) ; Caper spurge or Euphorbia oil plant 
(Euphorbia Lathyris) ; ly-chee oil (E. dracunculus), -^tc. 


16. — Oil of maize. 

In starch and glucose factories and in the distilleries using maize, 
this oil is extracted from maize germs. As immense quantities of maize 
are used, very large quantities are obtained, especially in the United 
States and in Argentina, of germs and of oil, extracted by hydraulic 
pressure. 

The dry germs contain 53 % of oil, but in practice the yield does 
not exceed 40 %. In the whole grain the proi>ortion of oil varies 
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between 4 and 10 ^•(1). Maize germ cake is fed to •cattle. Well 
prepared oil of maize is of a light yellow colom*, but when albuminoids 
and fermented matter are present it becomes darker in colour and 
is not suitable for the manufacture of light coloured soaps. It is 
semi-siccative and lacks viscosity. It has a special odour and a taste 
at first pleasant resembling that of freshly ground maize. It contains 
a fairly large proportion of »on-saponifiable matter (from 1.35 to 
1.55 % or more) consisting of lecithin aifd phytosterol. 

For purifying this oil a threefold process is in use in the United 
States® f. (w 1) neutralisation with caustic soda; 2) bleaching with 
kaolin (5 %) ; 3) vaporisation, at 225« C. (437*^ F.) for two hours ui 
vacuo (2). 

Jf a current of air at 150° C. *8 made to pass through this od and 
manganese borate is added to it, it congeals to a viscous mass in about 
twenty hours. Eeliiied oil of maize is edible (salad oil) ; it is much 
used for making oleomargarine, artilicial lard (replacing cotton seed 
oil) and also soft soaps. 

Its characteristics are as follows : — specific giavity at 15° C , 
0.9215-0.9239 — freezing poird., — 10« to — 15^ 0. — saponification 
index 188 to 193 mg. of KOIT — iodine index, 111.2 to 130.8 — 
Keichert-Meissl index, 2.5-4.2-4.3 — refractive index at 15^\5 C., 1.4768 
— Maumen6’8 test, 79-89° C. 

This oil is manufactured on a large scale in the Unit^ed States and 
in Argentina. During the war this manufacture developed consider- 
ably in Hungary (3). In Belgium all the lubricants manufactured 
by the “ Comit-^. National de 8ecours et d’ Alimentation ” had oil of 
maize for basis. 

It is scarcely suitable for greasing. To imi^rove it, it was purified 
with acid and then tallow and mineral oil were added in the proi)ortion 
of 55 %, 40 % and 5 % respectively. These pro})ortions were 
varied. 

Treating it chemically, the oil was purified with ammonia, and then 
thickened by means of peroxide of lead, insufflation of hot air and 
the addition of tallow, but in a smaller proportion than in the i)receding 
process. 

Lastly oil of maize was used for lighting in coal mining, for chur- 
ches, for the manufacture of household soaps, for pharmacy, for greas- 
ing and in the latter stages of the war it was refined for feeding the 
population (4). 


(1) Cf. Dr. J. LEWKOvrrcH, Chenucni Technology and Analysis of Oils, Fats, and Wa 
set), Vol. II. London, Macmillan, 1909, p. 128. 

(2) Cf. A F. SiEVERS : 1) Coinparif^on of com oil.-? obtained by expeller aiifl benzol extrac- 

tion methods. — 2) The preparation of an edible oil from crude corn oil. U. S. iJppt. of Auric, 
Bull, Xoa. and 1010, Washington, March 1922 and April 1922, 

(^) Cf. Weiser St., Die Landw Versuchs-Slationcn, Vol. CXVIT. Berlin, 1920. 

(4) Cf. Kapport G^n6ral siir lo Fonctionnemeiit et lea Ofkjration^i du Ooinit6 National 
de Seooiira et d’Alimentiition, Part 11. I^e D^partement d'AlImentation, vol. I. Bruaeeh, 
Vromant et C., 1921, p. 92.» 
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17. — Oil of rice (1)/ 


By this is meant the oil ‘extracted from the rice bran, generally 
called in Italy pula vergine (virgin husk), which is made from the outer 
integument of the seed, from th(‘ embryo and part of the cotyledons 
and from the aleiiron layer, with an a^l mixture of some broken seed and 
various residues. 

This residue has already been discussed under feed for livestdck 
(see p. 152) : here some notes will be given as to the fats it contains. 

Th(*. oil obtained from fr(‘sh husk is neutral or nearly so, but ns 
time goes on free fatly acids dt^velop rapidly owing to the j)reHence of 
an enzyiru*, the action of which can be practically stopped by heatirig 
up to i()0^‘ C. ' ‘ \ 

The (‘xtractlon of tliis oil can be efT(‘(d(Ml either by hydraulic pres- 
sure or by solveid.s: t he oil resulUng from 2)ressure is liquid and a green- 
ish yellow^ wiiitc^ in colour : that obtained by solvents — consideraMe 
quantitic^s are so obtained in Louisiana, IT. S. A., and in England — is 
deeply coloured, though lluid, with deposits of stearine. It is used 
in tlH‘ manufacture of soap. 

Th(‘ cake resulting from the extraction under ])ressure contains 
8 to 9 % fats, 2.7 fo 2.8 % nit.rogen, 17 to 18 % of crude jirotein,' 
and is therefore an excellent feeding stiilT. That obtained by solvents 
is almost destitTxti* of fat, but keejis a long time and can be used as 
feed either as it. is or treated with molasses. It may also be used for 
extraction of stareli which is present in the proportion of 50 %, or 
for the resulting alcohol, 20 litres jier 100 kg. 

In an oil of rice obtained by extraction by means of petrol ether, 
Prof. F. Garelli noted the following charael(*ri sticks : at an ordinary 
temperature, a wdiite solid of a dirty yellowish tinge, melting point 
25^ to 26" C., acidity 90.9, saimnilication No. 186, ethers No. 95.1, 
glycerine 4.85, non-saporiifiable substances 3.2 %, Jlehner No. 95.2, 
iodine No. 99.7. Dr. Mercarelli found by taking an average of five 
samples : index of acidity (milligr. of KllOl 136.1 ; acidity in oleic 
acid 68.33 %. Oil obtained by pressure has a density of 0.912, 
that got by solvents a density of 0.923. 


18. — Olive kernel oil. 

Olive kernels may yield, either by pressing or by means of sol- 
vents, from 25 to 28 % of oil. By pressing cold a golden yellow col- 
oured oil is obtained, by pressing hot a greenish oil, and by means 
of solvents an oil rendered dark gi*een owing to abundance of chloro- 


(1) Cf. : 1) J, Lewkovitcii, op. cit , Vol. JF, p. 2fi0. — tj) II QiornaU di Hiaicoltura^ 
Ye«r XT, No 0 Verrelli, 1919. :i) Institut Colonial de Marseille. M^inoires ot Rap- 
ports sur loa Matidres Grasses, Vol. 1. Marseille, 1022, p. 
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phyll, Its taste is sweetish, similar to that of almonds^ It contains 
about 10 % of fatty avoids : — i)alTnitic, stearic, olei(* and a little lin- 
oleic acid. •The oil obtained of late is almost entirely free from fatty 
acids. The cake is a f?ood cattle food ; the shells are used for fuel. 

The physico-chemie.al characterislicii of this oil are as follows : — 
specific gravity (of oil obtained from fri'sh kchmIs), 0.9184 to 0.9191 
(of oil from dry seecij^s), 0.9193 ; then, res])ectively : — saponification 
index 182.3 to 183.8 and 181.2* — iodine judex 80.99 to 87.8 and 87.1 
— refractive index at 25" C., 1 .1082 to 1 .4088, and 1.4073. 


19. — Grape seed oil. 

^hen dealing willi graiie residues and grap(‘ scimIs as food for 
livestock mention was also made of the oil content of these s(‘e<ls wliich 
are separated by means of s|M‘cial sieviss from the residues, and es- 
pecially from the distilled Ices, to the extent of 12 to 15 % (1). 

m The grape-seed oil industry is of fairly ancient standing in Italy, 
existing at Bergamo in 1770, but its xiresent. d(‘velopmeut dates from 
the past 20 years (2). The giai)C seeds are generally supplied by 
the lees distilleries, either in the natural state (not distilled), or dis- 
tilled and C/Ooked. 'Jlie former contain 12 to 20 % of oil, the latter 
8 %. Those obtained from Vemdia are rieliest in oil ; the jMMcentage 
of oil depends on the vine, the age of the seed, etc. In th(‘. dry state, 
tlie grape si‘eds contain : — moisture 9-12 — oil 12-20 % — 

carbo-hydrates 9-12 % — nitrogenous matter 10-11 % — mineral 
matter 2,5-1 %. 

In Italy, the most important oil factories manufacturing gmpe 
seed oil are sitiiateil in Lombardy, Piedmont, Bmilia and Apulia. 

The method of extracting the oil consists first in reducing the seed 
to meal, which is moistened, heated in a special apj)aratus at 50-00" C. 
and subjected to hydraulic pressure of 250 atmosjdieres. The e-akc 
which remains is soimdimes kneaded with water and subjected to 
further j)ressing, after which is it' used either as find or as food for 
livestock. But insti^ad of pressing, solvents (benzol, tedra-eddoride 
of carbon, ethylene trichloride, carbon di8ulphid(‘) (3) are also used. 

As already stated attemjits were made during the war outside 
Italy to utilise this cake for cattle food, but in Italy little or no such 


(1) A quinlal (100 kjr,) of fresh ‘iiupes tlms ahoiii 1 o Kj; of sord-f, 

(2) Cf : 1) Fachjnt S , dans Gturnale d% ChtuH'a indusiridlx' r Year If, now 

soricrf. Mjlan, 1920 — 2) huT<Mi:NTi, op oit , p IHH In ihn Unitod Stuios coinmernal 
HBO has froquontlv' boon rmido of crrai^o soed lesiduos and loes. Cf : 1) K Umiak 1 bo Uti- 
lisation of Waste rai^in seeds U. S, JJcpt of Atjric Bureau of Jnd , Bull. No 27(t, 191.1 

— 2) J H. Shrader, (UoTiimomal UtiliHatioo <if Urape l^oTiiaoe nod SU*ms Irorri I he Gnipo- 
Jiiiee Indnslry. U S Ihpt nj Ujnc Bull No. 962, l‘>21. 

(3) Good rosiiUa in extraotins: this oil have been liy the wrin(/rr of the linn 

** Utreebtsebo MacbinefabrieU ” by K Siiiiildors of Utrecht (Uollaud) 1 ho niaohiiiery is 
composed as follows : — 1) a wooden aiftint? apparatus with infernal oKhaUHt. ; 2) a rolliufi^ 
mill with 5 aiiperpoflod cylinders wbicli piilvoriae the ^frape seeds after Hiftiiij^ ; 3) and 4) 
a feeding arrangoiiiont, wliieb ih placed over the Hleaiii beater in which the meal attains a 
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use has beeu made of it, the results of a few. trials in Apulia being 
as a matter of fact unsatisfactory. . 

Dr. Branchini, Chemist of the Southern Oil factor!^ and Soap 
works at Bari writes to say that “ for the present the factories extract- 
ing oil from olive cnishings and grape seeds by means of solvents supply 
residues that are merely excellent fuel.” 

According to Paris, this fuel givef^ out 4325^ calories and leaves 
an ash representing 5.6 % fff the original weight containing 9 % of 
phosphoric anhydride and 33 % of potash. I 

Grapeseed oil is used : — for lighting c*ither by itself or ^miled 
with colza oil, for inaking soap; for painting; the oil from the first 
I)ressing if well refined is edible, and has been largely used in IMy 
during the war for table purj)oses, generally mixed wlGi olive oil. 

The following information may also be of value recic^ived (fireit 
from the “ Distillerie Italiane ” of Biirletta. In their factory about 
500 metric tons of grapeseerls are hamlled per annum for extraction of oil. 

The grape seeds are separated from the distilled residues by winnow- 
ing machines and then treated as already described. The meal is ahio 
treated with solvenis, among which ethylene triihloride is preferred 
on account of the siireness of its action and its extractive power. 
Needless to say the oil obtained with solvents cannot be used for food. 

The oil obtained by pressure has a bright green colour ; it is used; 
for soft soaps ; treated with sulphuric acid it becomes fit for lighting ; 
it is not a good illuminant, but it gives ofl' little smoke. Neutralised 
with soda, deprived of its odour and colour with animal charcoal or ful- 
ler's earth, it becomes a very good edible oil which can bear comparison 
with other oils (colza, soy-bean, cotton-seed, linseed). 

It has also been tried as a drying oil wdth the addition of mangan- 
ese salts and unexpected results were obtained from its use in the 
preparation of dark colours. 

X Owing to its acetyl index (144.5), grape-seed oil might very well 
be substituted for castor oil (acetyl index, 146.9) in manufacturing 
oils for “ Turkey red This oil could also be obtained by pressure 
cold and in that case the oil would be golden yellow and 9 ould be 
directly used as edible oil; but this process does not give a satisfactory 
yield. 

Estimating the x^roduction of grapes in Italy at 6 million metric 
tons, the grapeseed oil corresi)onding would amount to 26,640 metric 
tons, but of course effective extraction can only be made from the 
grapeseed residues of the distilleries. 

Recent analyses by M. Andr^: (1) show that the physical and 
chemical constants of this oil cannot be determined owing to its very 

temperature of 6 O -660 C. ; 5) an oil wringer ; 6) a wall pump ; 7) a chambered -filter presn 
or else a bag filter ; 8) controls and tran3mi*«8ion. 

180 kg. of grat^ seeds can be treated in an hour In a preliminary teat with Italian 
grape seeds, 16.65 % of oil was obtained, with a residue which contained about 7 % of oil 
(Cf. L. GBIMA. 1 .DI in Vltalin linicola ed agraria^ Year XI, No -42, 1921, p. 653). 

(1) Gomptfe rendus de VAcad. des Sc. Vol. 172, 1921, pp. 1296 and 141.3, and Vol. 175» 
1922, p. 107, 
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Tgriable compositioif^ According to that writer the •minima and 
maixima values obtained from 11 samples of the oil were as follows : — 


Specific gravity 0.9103 

Befractive index •. 1.4708 

Saponification No 171.0 

Iodine No. (Haijus). . . ^ 94.3 

Saponification No. of acelylizcd oil. . . 189.7 
Acetyl index 13.3 


0.9334 

1.4772 

191.1 

135.0 

231.8 

49.3 


following analyses have been coiiiiminiealed by the “ Distil- 
lerie Italiane ” of Bjiiietta : — 

^ Oil by pressure Oil by sulveuts 

Saponifi(‘/dlion No 179.3 191.6 

Iodine No 94.7 95.0 

Specific gravity 0.9290 0.9530 

Acidity No 8.2 12.36 

Acidity in oleic acid 4.3 6.21 

Impurities 0 0 


Percentage of oil in various spedinens of grape-seods ; — 



Oil < 0 

Xiiul ul srape-Beed 

Benzene 

. . 12.84 

virgin 

dry 

)) 

. . 12.26 

baked 

)) 

» 

. . 11.60 

» 

)) 

» 

. . 12.38 


)) 

Tetrachloride of carbon . . . 

. . 12.87 

virgin 

)) 

Ethylene trichloride 

. . 10.63 

baked 

)} 


Admitting — as has been already staled — that the moist lees 
represent half the weight of the wine and taking the other proportions 
already indicated the following statistical figures arc obtained. As 
basis the average production of wine (hi = 100 kg.) for the years 
1909-1918 is taken (1). 

Wine 


Europe (Germany, Austria, Hungary, Spain, 
France, Italy, Luxembourg, Kournania, 

Switzerland) 

Africa (Algeria, Tunisia) 

America (Argentine, Chili, Uruguay) . . . 
Oceania (Australia) 


hi. 112,223,821 

» 7,987,796 

» 6,956,719 

)) 238,239 


General total. 


hi. 127,406,575 


(I) Cfr. : Intjgrnationai. Institute of Aoricuxtube: International Yearbook of Agri- 
cultural Statistics 1917-1918, Rome, 1920, p. 107. 
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Taking coefficient 0.5 for the moist lees 

metric 
tong 
• __ 

5,611,191 

399,390 

347,836 

11,912 

Oeneral total . . . 6,370,329 j 

For tlie general Ktatisl-ics of products derived from grape lesiduos, 
a reduction of 25 % on the average yield figim^s is necessary owing lo 
the considerable vaiiation in the composition of grajies according tV 
the vineyard, soil, climate, behaviour of tlie seasons, etc. ; thus for ever^ 
100 kg. of fresh r(\sidue as it leaves the press may be reckoned : 


A])Solutx* alcohol litr(‘s 3 

or llrandy at r)(K‘ 8.25 

Commercial (ireani of tartar kg. 1.90 

Tartaric, acid gin. 37.50 

Crape-seiMls kg. 11.25 


The following total hgures result: — 

I'rodiicta Europe Africa America Oceania Totalu 


Absolute alcohol. cub mot I ia8,3:i5.7 11,981 7 10,135 0 | ;i67..3 i 191,109.7 

o/ nraiiiJy at 50« cub mot i 402,923 2 32,949.0 28,090 5 982 7 i 526,552 0 

(.Voani of tartar . . iii. tons i 100,012.0 7,588 4 0,008.9 ' 220 2 ' 121,030.1 

Tartaric acid . . . m tons | 2,104.2 149,8 130 4 4 6 j 2,388.9 

Grajie seeds . . . . m. tons ! 031,259 0 44,931.3 39,131 5 1 ,340. 1 | 7 1 0,661 .9 

Taking the average of 16 kg. of oil j)er 100 kg. of grape seeds, 
in view of tlie statistical ligures already calenlated, the average 
quantity of oil corresponding jier annum to the grajie seeds separated 
from the lees is as follows : — ~ 

Orujic.'^ueds Oil 

metric tons metric toiia 


Europe 631,259 101,001 

Africa 44,931 7,189 

America 39,131 0,261 

Oceania 1,340 214 


Totals . 716.661 114,665 


Europe . 
Africa . 
America 
Oceania 


The graph fig. 88 has been drawn on these totals. 
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20. — Tomato seed oil. 


The remarkable development of tin* makinf? of tomato preserves, 
especially in Italy (1), enables factories to obtain as nssidues Jar^^e 
quantities of skins aqd seeds which can be used as food foi* liv(‘Stock 
(see p. 178); the seeds also furnish oil.. The residue after tlie to- 
matoes have been ])ressed for pulp (Contains : — li(pii(i 70 % — seeds 
22 to 24 % — skins 5 to 8 %. To extract the oil the seeds are first 
separated from tbe dry skins by siftinf^' and fanniri”, they are then 
ground with ordinary millstones. The meal obtained is iiist moistcuied, 
then heated but not roasted, ]>la(ied in canvas wra])])(*rs and lastly 
subjected to great, pressure^ which ex]»resst‘s th(‘ oil. 



Fkj. 88. — Oraph representiiij; tlie uvomfifo quantity of pupo- 
finofls jjrofliioed. annually in the worlil and tiio corrva- 
poiidinp quantity of oil 


In the fjnited States (2) many experiments and t(‘sts havt* been 
made fon drying tomato seeds industrially and for extracting the oil. 

It has been proved, that seeds dried in trough diiers yield a larger 
amount of oil than those dried in revolving driers. A lighter coloured 
oil is obtained from seeds dried by the latter ])roe.ess. Tmimre seeds 
impart a darker colour, reddish brown, to tlie oil. 

In the cake there remains 2 to 3 % or more of fats which can b(* 


(1) Ac’f'OM\z/-o (op cit , jj. ;ir») stiitc.s that Min Parnm pro.'^m vintj; fiictoiins, alone, pro- 
duce a quantity of soeils from whirli .'»00 in t. of oil por uimuiii ran ho oxtraclod 

In 1917, tho dry rPHidun.i of tomatoes from proBervin^ factoriea m the ITaitod Slates 
were estimated at .3390 m, tons, (‘apahle of furnishing IRiiO tons of dry .snods from which oil, 
extracted by solvontfi to the extent of 22 %, would represent 343 tons riie.se quantitiofl 
are increasing yearly according as the eluhoraticin of the tomato in that country is increased 
(Of. U. S. Dfp. of Agr , Bull H.32, 1917). 

(2) -Cf. : 1) U. St. Dep of Agric. Bull No. 927 Washington, Apiil 1921. — 2) F. Ra.- 
BAK. Commercial Utilisation of waste seed from the Tomato-pulping industry U. S Drp, 
o/ Agric. Bull. No, 927. \yashington, April 1921. 
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extracted by bisulpliide or tetrachloride of carbon or benzene ; the meal 
itself can also be directly treated with these sdlvents. 

This oil has the foUowing physical characteristics* — specific 
gravity at 15° C., 0.920 — refractive index at 25® C., 1.472 — saponifi- 
cation index, 183.6 — ether index 174.1 — iodine index 117 — 
Eeichert-Meissl-Wolny index, 0.22 — iodine index of fatty acids, 129.4 
— saponification index of fatty acids, 198.2. » 

Eefining is effected by mixing the oil with a small excess of caustic 
soda in solution (about 16® Bauiu6). The oil should be heated (abbut 
65® C.) and kei)t constantly stirred. The i)recii)itate is allowed tQ settle 





Fia. 89. — Heap of tomato seeds in a preserving factory in the United States. 


and is separated by decanting. The best bleaching is obtained at a 
temperature of 110® C. with 6 % of fuller^s earth and 3 % of animal 
charcoal ; filtering with filter press. 

Deodorisation is effected by passing a current of steam at atmos- 
pheric pressure and 105® C. for 2 hours. With a vacuum apparatus, 
an oil not inferior to the edible oils of commerce can be obtained. 

Oil extracted by solvents is purified with a solution of caustic 
soda at 16® B and at 28® C for about 25 minutes. After a few hours 
the clear oil is separated, heated slowly to 120® C. and treated with 
6 % of good fuller’s earth. The deodorisation is done in a vacuum 
at 200® C. 

The oil thus obtained with solvents has the same characters 
as oil obtained by pressure (1). 

(1) Cf U, 8. Dep, of Agric., Bull. 927. Washington 192 U 
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Ttds oil serves j as fuel — for lighting — for soap-making — 

for the manufacture of oil- varnish — for tanning. It has nearly 
the combustible properties of olive oil and when it is thoroughly puri- 
fied it burns with a bright flame. It hasialso been used, after refining, 
as food ; in the refined state it has, in fact, a coefficient of digestibility of 
fi7. It could also be hydrogenised and transformed into oleomargaiine. 

From the experiments whifeh have begii made in the United States 
the most suitable method of using tomato residues apx)ears to be that 
of separating and collecting the seeds in the ])restTviiig factories and 



Pijr. 90, — Olij£II presej for the extraction of oU from tomato-Hoedn by j)rori‘»iiro (1 ) 
Reproduced from U. S Depart, of Agrlc. (BulJetin No. 291) WsiBhingtoii, 1921. 


then despatching the whole material collected to a central factory for 
the extraction of the oil and production of cake. All tJiis should be 
done by co-operation between the manufacturers. 

This utilisation of agricultural residues for the manufacture of 
products of high commercial value (2) is well worth attention. 


(1) This OLiBR-proas works entirely by mechunioal proBSure and requires no labour; 
it Ofln work without stopping day and night, under the supervision of a single mini for 5 or 
0 presses. 

Pressing is done cold, without grinding or better after rough crushing, in a cylindrical 
barred cage by means of a scre^, and the oil runs off into a roceplacle placed below. The 
serew produces an increasing pressure, and the cake is taken out at the end of the extrac- 
tion box, 

ThO' yield and the quality of the oil, with thin apparatus are better than those with the 
ordinary press. The cake contains only 4*6 % of oil (Cf. Vlrul. Ghim., No, 97 IWis, Feb- 
rtiary, 1922, p: 12). ^ 

(2) Cf. £7t S. Dep. of Atjr., Bull. No. 927. Washington, April 1921. 
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21. — Melon-seed oil. 


IlnRaleablo inolons, which 'in many j)laees are allowed to rot on the 
ground, might be utilised it first idled In heaps V> allow of fermentat- 
ion, the S(‘e(iH being aftcTwanls separated with a rake. 

The writers nuuitioned in note (1) obtained from a sample of 
melon-steds from Calirornia by extraction with ether, 39.4 % of toil, 
the chemical composition of which was as follows : — ^ V 

Wpecilic gravity at 25^ C 0.921 , refractive index 1.47, iodine No. 125.9 
saponilication No. 192,3, Reichert-Mei'ssel No. 0.33, Polenske No. ^0.%, 
acetile No. 15.8, acidity 0.43, non-saponifiable substances 1.1, 
soluble acids % 0.4, insoluble acids 94.0, non saturated acids % 79.2, 
saturated acicls % 15.3. 


/ niyristic acid 
I palmitic 

Glycerides of stearic » 

/ oleic » 

[ linoleic » 

Non-saponiliable matter . . 


0.3 % , 

10.2 
4.5 
27.2 
50.6 
1.1 


In these seeds Fendlkk has found 43.8 % of oil, having an 
acidity index of 4.81. 

In Southern Russia this oil is used for burning but does not enter 
into trade (2). 


22. — Oil from pumpkin and watermelon seeds. 

When y>umpkin8 are used for making jam, etc., a large number of 
seeds are obtained as residue composed on the average of 23.5 % of 
husk and 70.5 % of kernel (3). The whole seeds contain from 35 
to 37.5 % of oil, the kernels from 47 t,o 48 %. The oil obtained by 
pressing cold has a greenish colour with red fluorescence. It is sic- 
cative, edible and a vermicide. Its characteristics are as follows : — 
specific gravity at 15° C. = 0.923-0.925 — solidification point = — 
1(50 — 8ai)onilication index = 188.7 — iodine index = 121 — le- 

fractive index at 25^ C. = 70.2. In Southern Russia pumpkin seeds 
are pressed hot and a viscous, dark red oil, usetl for lighting (4) is ob- 
tained. 


(J) Uanqman W P' , BnAnNsU , JamiksonO.S , in The Jourtuil of tiu Chemic^il Society, 
vol. l.XIl, No. 11. EoHton, Ua., 1920. 

(2) Dr J. Lkwkovttch, op. cit. , Vol. IT, p 127. 

(3) 1) Dr J. LKWKOvri’rif. op rit , vol. 11, p 124 - 2) Tn-stiti't Coloniai- db Mar- 

M6inoirea ot llapiiorts enr lo'^ Mati^ros iTrasses, Vol 1, MarBeillos, 1922, p. 367, or : 

op. rit. p. 367. 

(4) Allen Bookus, Induntrin} Chrmiitry, 3rd orl., p, 6.'i9 Now York', 1921. 
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In watermelon seeds 62 % is kernel which contains 65.8 % of 
oil while tHe whole seeds contain 40.8 %. The characteristics of 
this oil are as follows : — free fatty acids 1.2 % — specific gravity 
at 20*^ C. = 0.9160 — saponification index 189.7 nig. of KOH — 
iodine index = 118. 

From a complete enciuiry^inade in the Uniled Sl.utes on oil ob- 
tained i)y cold i^ressure of the s<M‘ds of Vunirhita maxima (Tlnbbard 
Squash) (1) the following ch(^iiiico-physi(‘al characteristics appear: 
specifi|j weight at 25" C. 0.918, refractive index at 25^0. 1.4714, io- 
dine nq. 121. saponification no. 191.5, Itei(‘hert-Meissel no. 0.37, 
Polenske no. 0.39, acetile no. 27.8, aci<lity no. 0.50, non-sa])onilial)le 
substances % 1.00, soluble acids % 0.33, insoluble acids % 94.66, 
non-satiirated acids % 76.45, saturated a(*ids % 18.37. 


23. — Oil from strawberry and raspberry seeds. 

• 

These seeds may be obtained as I’csidiu* l)y centrifugation of the 
pulp of the fruit in jam and syrup factories. AVhen the quantities 
available are large enough it is possible to extract an oil, which has tlie 
following characteristics (2) ; — 

HirawherHes. — The oil c.ontained in the seeds to the extent 
of 19 % is siccative like that of linseed. Sp(‘cific gravity at 15° C. 
= 0.9345 — saponification index 193.7 — iodine index 180.3 — 
Eeichert-Meissl index 2.1 — ndractive ind(‘x at- 25^0. = 1.4790. 

Raspberries. — These seeds contain 14.0 % of v(‘ry siccative 
oil. Acidity index =1 — specific gravity ati 15f‘ ('. = 0.9317 — sa- 
ponification index = 192.3 — iodine index = 174.8 — Tteichert- 
Meissl index = 0. 


24. — Tobacco-seed oil. 

Acccfrding to Lewkovitou (3), 9 to 10 % of oil can be extracted 
from these seeds by pressing and 30 to 32 % by solvents. Jtut in an 
experiment made in 1920 at Cerignola by t lie Italian Ministry of Fin- 
ance, 30 % of oil was obtained from the seeds by i)ressure equal 
to 300 atmospheres and 3 to 4 % of oil from the cake by solvents. 
The yield by pressing should therefore be much greater than this 
writer indicates. This oil has a yellowish green colour and an agreeable 
smell, different from that of tobacco. According to G. Ampola and 
ScURTi (4), it contains 3.49 % of fatty acids. 

It is a good illuminant and is also regarded as a table oil. It 
is decidedly siccative : it absorbs 5 % of oxygen in 2 days and 6.84 % 
in 14 days. 

(1) W. F. Banom^n Hiid (!, S. Jamieson The Composition of ihibbard SquAsh Seed 
Oil. Joiim of the Amer. Chem Soc , Vol. Xnil, No 1, 1920. 

(2) Cf. : Dr. J. Lewkovitch, op cit., Vol IT, j). lU. 

(3) Op, oit., vol, II, pt 116. 

(4) Oazzetta Chimica Itnliaa, No. 34. Rome, 1904, 
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The fatty acids contained in it are: — ()^leic acid, 26 % — lih: 
oleic acid 16 % — palmitic acid, 32 % — stearic acid, (traces. Its 
characteristics are : — specific gravity at 16^ C. = 0.9232 — sapo- 
nification index = 190 — iodine index = 118.6 — insoluble and non 
saponifiable acids 94.73. 


25. — Oils obtained from the kernels of cherries, ^ 
apricots, plums and peaches. 

These oils are well known, but systematic extraction of thkm 
whether for industry or for table purposes was developed only during 
the war in certain countries, notably in Germany ; the materiali wus 
provided by colloeling not only the stones obtained in jam and syrup 
factories but also those found in household refuse. 

According to A. Girard, 100 gramnuvs of fresh fruit contain, on 
the average, the following quantities of stones (in grammes) : — cher- 
ries 6.01-8.60 (according to Eabak 15) — apricots 5.50-7.12 — 
peaches 5.20-8.38 — idums 4.07-5.65. According to Dr. Hotter’s 
determinations, made in Austria in 1906, the averages vary between 
4.4 and 15 gm. for cherries ; 6 and 11 gm. for apricots ; 8.5 and 13 gm; 
for peaches ; 5.3 and 9.1 gm. for Eeine-Claude plums ; 4.7 and 12 gm. 
for mirabelle plums. These stones have various uses for pastry, 
confectionery, distilling : distilled liquors, spirits, (‘sse.nces, syrups 
and ratafias. 

As the essence of bitter almonds, mainly found in the stones of 
I)eaches and cherries, produces hydrocyanic acid, it is important to 
avoid using too many of the stones, especially crushed. These stones 
are preserved for two purposes : — 1) sale to seed merchants; 2) sow- 
ing. They are washed as soon as collected and put to dry on sieves 
in the air or in the sun but not on a stove as this tends to destroy 
germinative power. They are then packed in tins or wooden boxes 
which are kept in a dry and well ventilated place (1). 

1) Cherry seeds contain 35 to 36 % of oil (2) ; from the whole 
stones solvents extract 8.3 %. The fresh oil is of a golden yellow 
colour, it has a faint smell of almomls and a sweet pungent taste ; 
it becomes rancid with age. 

De Nkgar and Fabris have found a considerable amount of hy- 
drocyanic acid in this oil. 

In Southern Gemiany it is used as an edible oil ; that obtained 
by pressing hot is used for lighting and soapmaking. Its characteristics 
are as follows : — specific gravity at 15° 0. = 0.9236-0.9286 — soli- 
dification point = — 19° to — 20° C. — saponification index = 193.4 
to 196 — iodine index 110.8 to 114.3 — Maumen^’s test = 45° C. (3). 


(1) Cf. La Nature, No. 2467. Piiris, 1921. 

(2) Dr. J. Lewkovitch, op. cit,, Vol. II, pp. 226, 227, 229, 231. 

(3) a) Aocording bo M. Rabak the United States could produce 122,000 kg. of cherry ker- 
nel oil and 2700 kg of volatile oil of cherries (Cf . U. 8. Dep. of Agric. Bull. No. 360, Washing- 
ton, 1916). This volatile oil is practically identical with that of the bitter almond and can he 
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From the cake J^maining after extraction the essHnce Of bitter 
almond may be extracted, which is practically identical with that of 
true almoml. 

2) Apricot kernels contain 40 to 45 % of oil. When the oil 
is fresh it is almost colourless, tlien afler a time it becomes yellow 
and has a slight agreeable smell. It is (Mlible and is also used to adul- 
terate oil of almonds.^ It constitutes an imx)ortant article of commerce : 
the oil called “ Almond oil, French ” is apricot oil pure or mixed witli 
peach oil. The characteristics ol‘ apricot kcTiu^l oil is as follows : — 
specific gravity at 15‘^,5 O. =- 0.9211 — sapoiiilication index = 179 — 
aciditf index = 1.83 — refractive index at 40^.3 C. = 1.4646 — iodine 
index = 112. 

3) From plum kernels 25 % of oil has beim oblaiiied by extrac- 
tion "^^ith petroleum ether. It is slightly yellow and has a sweet taste 
like oil of almonds, which it is used to adult (uate. Its characteristics 
are as follows ; — specific/ gravity at 15° V. — 0.91 60 to 0.9195 — solid- 
ification point == — 5^ to — 10‘^ C. — saj>onification ind(‘x -- 189.1- 
19J^.5 — iodine index = 91.2-100.4 — Maimien^'s t(‘St - - 44^.5 to 
45° C. — refractive index at 25« (I 63.1. 

4) Peach kernels contain 32.35 % of a light yellow’ oil much 
resembling oil of almonds and often us<m 1 to adulterate it or (‘V(‘n to 
replace it. In turn, i)each oil is often adulterated with ])oppy-seed 
oil. Its characteristics are as follows : — sp(‘cific gravity at 15*^ C. 
0.918-0.921 — solidification jioint = — 20*' C. — saj jollification in- 
dex = 189.1-192.5 mg. of KOll — iodine index - 92.5-110.1 — 
Maurnene‘s test = 42o-43« C. — refractive index at 25‘^ V. = 66.1- 
67.2 (1). 

In the man 11 factiire of oils from kermds of stone fruits t4u‘ crushing 
of the stones and the separation of thc‘ kernels jjresenti some difficulty. 
The specific gravity of the stones being 1.18 and that, of the kernels 
1.05, K. Alpeks has "suggested a novel metliml of si‘paration (2), 
based on the use of a solution of chloride of calcium or of magnesium 
of sp. g. = 1.15. The kernels lloat in this and arc" c-(»llecled in a re- 
ceptacle with a perforated bottom, washed and dried. 

used aimilarly. C3f. by the sumo A : Poaoh, Apricot and Cruiio Ivemols um U.v -iiroducts of 
the Fruit Industry of the United States U. De/> of Aqrir Tiureav of riant Indus Jiull 
No. 133, Washington, 1908 The same writer states that t}m 'juice from stonimj cherries 
if neutralized yields a good syrup corresponding to 20 % of tho pnet}, Jly making this juice 
ferment 4 tt % of alcohol at 95 % strength is obtained Ity concentrating it, with tin? addition 
of sugar and pectin, an excellent )elly is obtained P'rom the whole of the juice produced 
in the United States 19,000 litres of alcohol or 79,000 litres of syrup or 32 1, 000 litres of jelly 
could be obtained. 

b) According to Dr. Heide's calculations, 750 t of oil from the kernels of fruit were 
produced in Germany during tho war (Cfr KoLLrn Dr. Th op cit., p 382). 

(1) A D. Holmes, Digestibility of soino By-l*roduet Oils. U. Dept of Agric. Bul- 
letin No. 781, Washington, May, 1019. Tho author reports that California alone by utilising 
the kernels of stone fruits could probably produce yearly the following rjuantities of oil : 
peaches, ,210 to 420 (sliort) tons, apricots 350 to 400 tons, chorriea 134 tons : and besides to- 
matoes 343 tons, wine-lees 348 to 464 tons. 

(2) Cf Chcmicker-Zeitunrj, Vol. 40, 1916. 
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The? oil obtained by pressure from plum ^‘kernels so separated 
was at first slightly turbid, but it cleared of its own accord : it had 
an agreeable taste and a strong smell of bitter almonds. * The after- 
taste and smell can be got rid of by passing a current of steam through 
it, and it thus acquires a very^delicate flavour. It also loses its smell 
when kept for 15 days in an open rece])tacle. 


26. — Oil from mountain-ash berries. 

The mounlain-ash (Horbus aucuparia L.), which grows Knipng 
mountains, preferably on the northern slopes, produces berries winch 
are gathered and eatim in winter in the northern regiouvS of Jilurope. 

Its seeds contain 21.9 % of a sw^eetish tasting, slightly yellowish 
siccative oil, the characteristies of which are as follows (1): — specific 
gravity at -- 0.9137 — refraction index at 15'^C. = 1.4753 — 

saponification index 208 — iodine in<lex 128.5 — iodine index of 
fatty acitls 127.5 — Neutralization index of insoluble fatty acids 23Q;,2. 


27. —Arbutus seed oil (2). 

In the S(‘eds of Arbutus TJnedo taken from tlie residual puli) left 
from the production of alcohol Pnflessor Want found 39.03 % of oil, 
which could be ('xtraeted either by pressure or by solvents. It is 
golden yellow in colour, and iasbvs sweei. : it is a drying oil, and has 
the following physie-o-cheinieal cluiracteristics : si)ecific weight at 15°, 
0.9208, point of solidilicalion — 27^0., sai>onilication no. 208, iodine 
no. 147.86, Keichert-Wolny no. 0.861, Mauineno degree of heat 103.5, 
refractive index at 25^ C., 71. 

According to La Maroa the extraction of this oil is of no commercial 
interest, as the fruits contain very few seeds anil the separation of them 
from the rest of the lees would entail considerable expense not compen- 
sated by the value of the oil. 

These lees if not given as a feed can often be used as a fertiliser. 


28. — Red Currant seed oil. 

These seeds (Rihes rubrum) contain, in the dry state, 16.9 % of 
a yellow-brown oil of agreeable smell (3). According to K. Alpers (4), 
the cake can be used as food for livestock. 

It is, of coiu’sc, a question of utilising the residues from the jam 

(1) Dr J. Lin\KoviTt'il, op oit , Vol. II, p 107. 

(2) Cf ; 1) Ct Sani Intorno all’olio di Arbulua Unado. Rend R . Accad. Lincei 1905, 
Vol. XVU, 2nd series, p 610 — 2) F. Lamauca, op. cit. 

(3) Dr. J. LEWKOvrrrn, op. cit., Vol IJ, p. 780. 

(4) K. Alperh, JohanniKboorkerno und deroii Ool, in Zeitschrift ftlr Unierauchung der 
Nahrunga- und OenuaamittLl^ Vol. 32, part 11, p. 490. 1916. 
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factories, in the same^way as residues from preserved toin a to 'factories 
are used. The oil ohtaihied by grinding the seeds, followed by hydraulic 
pressing, h&s the following characteristics : — si)ecilic gravity at 15® 0 
0.9120-0.9288 — solidificatior point = 17®.5-20® — retractive index 
at 25® C = 78,1 — saponification index — 171 .,‘1-194.5 — Reichert- 
Meissls’ index = 0.77-0.55 — iodine index 152 5-1,59.8 — ITeliner 
index = 95.59 — fiw acids ^ 2:i cubic cm. of >JaOH 1^/1 per 100 
of oil — non-saponiliabh' I)art =- 0.G4 %. This oil is siccative : it forms 
a colpurloss pelliculc in 7 tiours at 5()« C. 


29. — Blackberry-seed oil. 

> 

Wild blackberries (fruit of J^uhus sp.) (Fig. 91) like strawberries 
and raspberries yield considerable (piantities of s(*(m1s when the pulp 
is centrifugated for making jams and syruiis. 

These seeds eonlain, on the average, 12.0 % oT oil (1) wliich, if 
it'*Ls obtained by extraction wdth ])etroleum ether, has a dark yellowish 
green colour and a slight red fluorescence. This oil is siccative and 
has the followdng ch a rac- 1 eristics : — acidity index 2.08 — specitic 
gravity at 15® 0. ~ 0.9250 — saponilication index = 189.5 — iodine 
index = 147.8 — ReiclK'rt-Meissl’s index - 0. 


30. Oil from orange and lemon pips. 


This oil is extracted from pijis separated from lh(‘ ])nlp by cimtri- 
f ligation in tlie facdories of “ agro- 
cotto or of citrate of limi^ or of 
preserves, and also from the ])ij)s of 
dry fruit, fallen or spoiled, unlit for 
other uses. Extraction is done by 
solvents or by pressing. 

Lemon- pip ofHs paleyellow and has 
a slight smell recalling that of almonds. 

The residue from the presses is cal- 
led in Sicily pastazzo^ and as a rnh‘ 
no use is made of it. It consists 
mainly of lemon pips from which the 
oil may be extracted under jiressure 
with a commercial yield of 25 % of 
the whole seeds, but after crushing. 

However a considerable quantity of 
oil remains in the husks and goes 

into the cake. From the decorticated 01 _ Blackberry Flowers. 

Seeds 35 % of oil is obtained by the Leaves and Fruits, 

use ol solvents. This oil is utilised j-jt. 



(1) Dr. J. LsJWKOViTcg, op. cit., Vol. II, p. 114. 
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in making-so&p of the Liverpool brand. The cake is a good feeding 
stuff (1). 

According to Peteks and Frerichs, the acetyl index is 
saponification index 188.4 pg. of KOH ; iodine index = 109.2 %. 
The fatty acids found in it are palmitic, stearic, oleic and linoleic acids (2). 

Orange-pip oil has been extracted by M. Hewir with petroleum 
ether to the extent of 37.5 % but the proportioi. which is obtainable 
in practice does not exceed '20 to 28 %. This oil has a light yellow 
colour, is almost odourless and has a taste at first slightly, later intir^as- 
ingly, bitter. It is easily saponified. Its characteristics are n-s lol- 
lows : — specific gravity at 15^ C. = 0.9208 — saponification mdei^ 
193.7 — iodine index = 100.3 — then according to E.. Meyer : I — 
refractive index at 21° C. = 1.4714 — insoluble and non-sa;>om- 
fiable aciitis = 95 — solidification point of fat ty acids 35° C. — melting 
point of fatty acids 40« ( 3 . — iodine index of fatty acids 74 (f) — 
refractionindexof fatly acids at 21^ C. = 1.4574 = acidity index = 38.3. 


31. — Horse-chestnut oil. 

It was generally belic-Yed, that it. was impracticable to extract 
the fats of horse cliestniits {Aesculus hyjrpocastanvni) but this halt 
been done (in small quantities it is true), by means of solvents. 

In Germany, th(‘ writers indicated in the note (3) rcjduced whole 
horse-chestnut.s to a m(*al which they boiled in alcohol, so as to avoid 
drying (always injurious as it makes the fats liabhi to decompose) 
and so as to extract all the saponin jiossiblc. They tlien extracted 
the fats with ether by the usual methods. They thus obtained 3.23 % 
of an oil wit h a iieculiar smell and ta8t(‘, o! a dark ydlow coloui\ This 
yield agrees with t hat obtaimnl by Kontg (4). The characteristics of 
this oil are as follows; — saponification index 175.5 — Eeichert- 
Meissl’s index 1.01 — Polenske's index 0.l2 — refractive index 
at 25° C. = 68.1 ; at 45 C. = 57.6 — iodine index 99 — acidity 
11.67 — non-saponifiable constituents 2.5 % — Hehner’s index 92.79. 

32. — Beech-mast oil (5). 

The beech-masts (fig. 92) falling from beech trees (Fagus sylva- 
tica) and collected, either as food for livestock or for the extraction 
of oil, consist of 33 % of shell and 67 % of kernel containing 43 % 

(1) Cf. Prof. B. Uebtolo, L’utilizzazione del prodotti deH'industria agruxnaria, in 
Sicilia Ind. e Agr.^ Catania, No. 260, 1 April, 1023. 

(2) Cf. 9 1) J. Lewkovitoh, op. eit. Vol. II, p. 180. — 2) Hewer D. G., The Analyst, 
Vol. LXII, No. 497, London, 1917. 

(3) A. Heidubka and A. Zeileis, in Zeilschrtfl far Unterauchung der Nahrunga- und 
OenuaanUUcl, Vol. 33, 1917, 

(4) Chemie der menachliohen Ndhrunga- und Qenuaarmttel, od. Vol. I, p. 619. 

(6) 1) Dr. J. Lewkovitoh, op. oit., Vol. II, p. 139. — 2) Lea Maliirea Oraaae&t 
Year 13, No. 168, 1921, p. 6860. — 3) Dr. G. Castat^di. Essenze foroatali e loro prodotti 
nolle indnstrie. Milano, H Hoopli, 1923, p. 176, ^ 
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of oil, but the quantil^y which can be extracted from theln industrially 
by pressure is from 14? to 22 %, as much as 26 % in shelled beechmasts. 
The average is 16 %. 

This oil is produced by small establishments in inconsiderable 
quantities. That which is obtained by cold process from shelled 
beechmast is light yellow, viscous, and has a disagreeable smell. 
It is used in the rnoiintains foi* cooking. The oil extracted by hot pro- 
cess has an acrid pungency which diappears on stirring it with boiling 
water. 

This is only used for lighting and making soap. It is sometimes 
used fcr adulterating oil of almonds 
and walnut oil, but its presence 
can be detected by determining the 
iodine index. 

The physico-chemical character- 
istics are as follows : — specific 
gravity at C. 0.9205-0.9225 

— solidification point = — 17^ 0. 

— saponification index = 191.1-196.3 

— iodine index = 111.2-120.1 — 

Maumene’s test ^ 63 to 65 — re- 
fractive index = 16.5 to 18. 

The cake contains 52 % of 
protein. The analysis is as follows : 

Percentage of dry siilistanee : 
nitrogen 9.52, proteid inatfcT 52.36, 

N-free extracts 32.64, cellulose 5.8, 
ash 9.2. 

This is at present but little used in Italy for cattle-feed. Pi- 
ROTTA (1) c,alculat(*s for Italy that, there are on an average e>ach year 
20,000 hectares (aboulf 50,000 acres) of beechwood in lull production. 
Beckoning for on(‘ hectare 50 hi. of beechmast, 100,000 hi. of mast 
can be i)roduced per year, and from that 15,000 hi. ol’ oil (329,967 
gallons).^ 
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From CoiinFAON II., op. cit 


33. — Spruce seed oil (2). 

The seeds of the spruce (Pinus abies L.) (Fig. 93) contain, in a dry 
state, 25 to 30 % of fats on the average. Extraction with ether or with 
carbon disulphide has yielded 33.2 %of crude fats; extraction mth ben- 
zene or with benzine has given 30.5 %. The oil extracted by pressing 
(up to 20 %) is edible ; the remainder, which can be extracted by 
solvents, constitutes an industrial oil, good (^specially for the prepa- 


(1) R. PiaoTTA and A. Con.stantixo Utihzzaziono di piante alimontari selvatiohe, 
R, Aroad. Lincei, Com. Sclent, per ralim. Rome, 1921 

(2) Cf. NaturwiaacnschaftUche Zeitachrift filr Forat- und Ltiiidwirtc, 1910. Summarised 

fn Zeitachrift filr Unierauchung dvr Nahrutu/s- und Oenuaamiltel, Vol 33, 19 J 7. For the oils 
from seeds of other oonifera of. also : H, Jumelle Lea Huilea Vegelalea. J. R. Bailli^re et 
file. Paris, 1921. • 
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ration of varriishfes and also for lighting. This oftl has not the resinous 
taste of the oil from the seeds of the silver-fir (Abies pedine^a) because 
the seeds of the spruce have no resin bearing glands ; it recalls ground- 
nut oil by its pale ytillow colour ; it is siccative. Its physical character- 
istics are as follows : — specific gravity at 15® 0. = 0.933 — saponi- 
fication index 191.2 — iodine index (IIubl) = 173. 

As the spruce seeds are rich in albumen the* cake can be used as 
concentrate. For collecting," C. Von Tltbeuf recommends picking 
up the (mtire com*s in autumn or winter as soon as they fall from the 

trees and keeping them in bask^tsi or 
sacks. They are them allowed ♦to |dry 
until the seeds fall out naturally, ^he 
lat.ter are collected and are then cleaned 
by cutting th(‘ wings with a speem 
machine, after which they arc taken to 
the oil factory. The empty cones serve, 
like all their congeners, as fuel. 

This same writer states that this Ml 
is very suitable for sahids, frying, mayon- 
naise, etc., but on the other hand, after 
having asserted that spruce seed oil 
extracted cold has little taste, he adds 
that an egg fried in that, oil “ had sir 
distinct taste of recent ly worked coniferous 
timber ”, which does not say much for 
the much vaunted edible qualities of the 
oil in question. However, it is easy to 
understand that during the war especially 
in Germany it was expedient to use 
it, but since the war, according to Paui-, 
the high price of spruce seeds for sowing prevents their economical 
use for the extraction of oil (1). 



Fro. 93. “ Spruce 
Branch with flowers and Cone, 

From Ur. A Flam, op cit. 


34. — Lentisk oil. 

This oil is derived from the species Pistaeia lentiscus which grows 
wild in abundance in the woody and rocky lands .of Southern Europe, 
North Africa, etc. Cijppari (2) writing many years ago reported that 
on the wooded sca-coasts, especially near Orbetello, and in Sardinia, 
the ripe fruits of this plant are gathered by the poorer people, boiled 
in water, then placed in cloth bags and pressed to extract the juice. 
When this is boiled in its turn, the oil floats on it and can be separated. 
In this way a hectolitre (40 kg.) of berries gives about 7 kg. of oil, 
17.50 % of the weight. This oil is also extracted in Cyprus, TripoU- 
tania, Algeria, etc, (3). 

(1) Cf. J. Lkwkovitch, op cifc,, Vol. II, p. 109, 

(2) P. CuppABi. Lezioni di Agricoltura. Nistri, Pisa, 1869 

(3) H, JuMELLE, op. cit., p. 328, ' 
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According to recent investigations made at the ‘Central Customs 
Chemical l^g-boratory at Eome (1 ), the total fat content is 22 %. The 
oil is dark green in colour, CKunparatively tluhi, with faint aromatic 
perfume and taste. When left to settle there is a white crystalline mass 
deposited which melts at 35® to 35® C. If badly prepared it soon goes 
rancid. 

Other experirneAts made* at Turin jjjave a yield of oil of 22 % 
pressure. The oil is well adapted for soa})-making. 

In view of the large quantities of lenlisk fruit which could be gath- 
ered in the countries mentioned, ami on condition tliat transport 
to the place of manufacture is available, its utilization by extraction 
of oil for soap-making would be proJitable. 


35. — Wool fat. 

This is obtained by washing raw wool or by tr(‘ating it, with solvent s. 
In the latter case, the fat remains j.ftcr distillation of the solvent; 
when, on the other hand, the wool is wasluMl wilh soa]), the soapy 
water is collected in rece])taeles vhere it is treated with a mineral acid 
to set free the fat ; the liquid is evajioratiMi to obtain the potash sails 
it holds in solution. The composition of this fat vari(‘S (ionsiderably 
between certain limits. When purilied, it is })ut on the market in 
an anhydrous state (adeps lanae) or hydrated (lanoline). The former 
of these substances has a light yellow colour, is translucent, and has 
a slight, not disagreeable odour. Although insoluble in water it 
absorbs considerable quantities of it (up to 80 % of its w(‘ight). 
Lanoline is a mixture of anhydrous fat and wat(T (22 to 25 %) (2). 

The chemical composition of this fat is not fully known. 

Its physico-chemical characteristics are as follows : — specific 
gravity at 17® C. = 0.9413-0.9449 — solidification point ^ 30® — 
300.2 C. — melting point = 31-42®.5 C. — saponification index 
= 98. 3-102. i mg. of KOII — iodine index — 17.1-28.9. Other fats are 
recovereU from the wool during the processes of manufacture, c.arding, 
spinning, felting; these are removed by means of alkaline^ washing and 
recovered by means of a mineral acid which sets free the fatty acids. 

For the United States the following statistics are available : — 
500 million lbs. of raw wool is the quantity annually handled ; this 
yields 75 million pounds of lanoline, normally worth 2.250,000 dollars 
and at present worth 10 million dollars ; 25 million pounds of carbon- 
ate of potash are recovered also from it, at i)resent worth 15 million 
dollars. The fat from this wool is used as food — for making soap 
— for waterproofing shoe leather. Investigation is being made into the 


(1) Qiornole di Agric. della Domenica Piacenza, 6 May, 

(2) Cf. : Dr iT. Lbwkovitch, op cit., Vol, II, p 744 — 2) S J. Johnstone, Poimh . 
London^ John Murray, 1922 — 3) Wool-scoiirinp WiwfcoH for fertilizer purposes in the 
Anitfica/n Fertilizer^ No. 9,* 1922. 
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possibility of*' recovering from the water used ‘for washing the wool 
the residues described above. At present the greater part them are 
lost in the streams into which this water is thrown. 


36. — Oil from silkworm chrysalides (1). 

O «/ 

In the discussion of these chrysalides as food for livestock (see 
j). 198) it was noted that they contain a fairly high percentage (16-18 %) 
of an oil lit for making common soaps and also for extraction of fatty 
acids of glycerine. That oil has a reddish brown colour and a iiaueea- 
ting smell. It is purified by being treated with sulphuric acid at 
50® B. for 1 hour at a temperature of 10(V> C., then by waslikig it 
and treating it with kaolin or f idler’s earth in 10 to 12 % proportion. 
Its charact(‘riHtics arc as follows : — specific gravity at lOo C. = 0.91p5 
— solidilication point ■ 10*^- 7^^ C. — aaponihcation index = 190 
iodine index = 116.3 — non-saponiliable matter = 2.61 % — 
acidity index = 27.51 — solidification point of the insoluble fatVy 
acids = 34^\5 C. 


37, — Fats from household refuse (2). 

In reference to the us(‘ of street-sweepings as manure (see p.303) 
mention was made of the sjiecial t.reatment to which they are subjected 
for the extraction of fata. With this object a solvent was first employed, 
but this process proved too expensive. The steam treatment (Ar- 
nold-Egerton) ])roc(‘SS is much better, and the requisite appliances 
for this are in use in several towns in the United ^States. 

After removal of all extraneous matter, the street-sweepings are 
placed in large digesters (holding about 8 tons), in which they are 
steamed to boiling point, the digesters are then hermetically closed and 
steam under a jiressure of 89 lbs. is introduced foi' a time varying 
according to the material and the season of the year. The steam given 
off is condensed and the resulting water is passed to the sewers. After 
the action of the steam is over, the contents of the digesters separate 
into three layers : the lowest is the solid matter (“ tankage ”), above 
this is a layer of water and on that floats a layer of fat. This fat is 
used for making common soaps, etc. It is of a dark brown colour and 
contains a considerable quantity of free fatty acids, as well as non-sap- 
oniliablc matter (3). 

(1) Cf : 1) Foumenti, op. cifc — 2) J. K. Lewkovitch, op. oit., Vol. If, p. 392. — 
3) Dr. O. Colombo, Sunto dollo Lozioiii di Mercoolo^ia e Teciiologia dei bozzoli e della Beta, 
Milan, 1917. Fratelli Lanzam 

(2) Dr J. LEWKOviTcn, op. cit., Vol ITT, p. 36ri. Cf also : 1) A Calmette, Epura- 
tion deft eaux d’l^goiit urbainos ot indiiBtriolles Tarin, J. B. BailUt^re, 1910, p. 20, — 2) Ing. 
F. Lacoettx, Fogiiatura Biologica. Milan, U. iroepli, 1916, pp, 162 and 220 — 3) Dr. S. Hizzi» 
L’epuraziono biologica dello acque di rifiuto. Milan, U. Hoepli, 1916, p. 86. 

(3) Cf. R. Feabl. StatiBticB of Garbage collection and 'Garbage greaae recovery in 
American cities. Jour, of Ind. and Ertyin. Chem., Vol. 10, No. 11, p. 297, Noy. 1918. 
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The tankage is lubjected to hydraulic pressure which extracts 
from it along with water the fats it still retains. It is then di’ied, 
ground and sold as fertiliser. 


38. — Fats from sewage water (1). 

yhis water, already discussed as a fertiliser (see p. 296) contains 
fats jn various forms : saponified — non-saponilied — free fatty 
acids — non-saponitiable matter. 

As all these matters ])utrofy very rc^adily ])roe-esses have, been 
investigated with a view to destroying ihnn as quieldy as jiossihlc. 
In t lie process by prrrlpitationj the fats are eiitir(‘ly destroyed by 
bacterial action. Other processes, howc‘vtu‘, aim at separating the 
fats, one of the most usual is the method in use for recovering wool - 
grease, viz. : washing in soapy water and Wwu treating the water with 
a^mineral acid. But so far it has not. provetl ])ossible to apply any 
process with economic, advantage, so that, for the x>iesent it is better 
to aim at the x>fomi)t destruction ot the matter earri('d in S(‘wage 
water, or to use it for irrigation x>’in)oses. 


39. — Fats from soil organisms (2). 

Edaphon or x>ntrid mud Faulschlamm ”) is the name given 
by R. Franc^: to a fat of bacterial origin which he dise-ovired in certain 
soils in Germany, where certain bacteria are found containing tats 
which do not solidify even at very low ternxieratures. This fat can 
be employed for teeJmical pRJT>os<'s and in the manufacture of soa]). 

These micro-organisms are algae and fungi. Nearly half tludr 
volume consists of fatty matter. 

A process has b(‘en x^J^fciited for the extraction of fat. from soils 
containing an average of 100,000 of these micro-organisms to a cubic 
centimetre. 

In the most favourable conditions 7 % in volume of Tats are ob- 
tained by the ordinary solvents from these* soils ; the residue consti- 
tutes a nitrogenous manure. 

(1) l)Dr. J. LEWKOvrion, op i;it , Vol Til, p. .T6« 2) For tlio sepurntion of fata from 
BQwago water the Khakmer and Schillincj apparatu.s mauufacturod by tlie “ Gescllschaft 
fttr Verwertung Stadtiachor Abwaaaer in Frankfurt a M. ”ih indjoatod Tliat; apjiaratua sepa- 
rates only 40-70 % of the fats contained in the wator There la hIbo a Paui.man method, 
patented, which is said to be more efficient, but which is not debcnbed 

Other apparatus which have been used for such extraction are that of the “ Deutsche 
Wasserreiningungsgeaellschaft ” of Wiesbaden which separates fats from the sludge by means 
of the passage of water through three concentric cylinders; that of the “ lettfanger H. Dorf- 
mffiler ” of Mlinchen. and that of the German patent No, 300,218 (Of Kollfr Dr. Th., 
Op. oit., p. 134-136) 

(2) C£. Kolleb. Dr. Th., op. cit , p. 113. 
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40. — Wine making residues. 

( 

Besides the princii)al residue, the giape skins, already mentioned 
in connection with grai)e seeds, the wine making industry obtains still 
further residues of the fermentation of* the^musf' and of the matura- 
tion of the wine, viz : the lees, which are dei)osited on the bottom and 
the sides of the wine vessels. Industrial i)roduots : — tartars, oenocyfinin, 
alcohol, ac(dic acid, tannin, etc, are obtained from these residT^es.i 

The lees, etc., contain all the compounds of tartarfc acid Aamely, 
chiefly bitartrate, of potash and tartrate of cahaum ; the x>ercentage 
of these determines the richness of the residues, and consequently 
their commercial value. 

The content in cream of tartar of the residues varies considerabW 
acording to the vines and also according as the residue is fresh nr 
fermented : when ferment(‘d the percentage of cream of tartar is always 
grc^ater by some units : for example 3.2 % against 1.9 % in the former ; 
this percentage may even be as much as 5 to 6 %. 

Th(^ cream of tartar is extracted from the residues by washing 
them with hot water in the proi)ortion of about 2 hectolitres per 100 kg., 
boiling for 2 or 3 hours. The liquid is then xjoured into casks 
or vats. In these there', are strings stretched in various dirt'ctions oh 
which the cream of tartar is deposited as crystals, as well as on the 
sides, while the liquid is cooling. The mother-waters, still containing 
a little cream of tartar in solution, are again subjected to 5 or 6 
successive crystallizations and then thrown away. 

The mother liquor of the cream of tartar contains cream and many 
jiectic and albuminous substances. The residual cream is precipitated 
with milk of lime, as calcium tartrate, which when treated with pot- 
assium bisulphate gives cream of t.artar. To the mother liquor when 
deprived of the cream lime is added and a precipitate of phosphates 
and albuminoids is obtained which is useful as a fertiliser (1 ). 

Cream of l^artar is also extracted from distilled residues *by other 
processes : — high pressure, circulation of hot water, etc. 

From non-distilled residues cream of tartar is extracted by various 
processes, the simplest of which is that with hot water. 

Cream of tartar is also extracted by the following chemical proo.es8es: 
1) treatment with sodium carbonate; 2) treatment with hydrochloric 
acid (to liberate C^ H® O® ac. tart.) and then with milk of lime (to 
obtain C* Ca O® tartr. calc.); 3) treatment with sulphurous acid. 

The crude tartar from residue is then refined by successive crys- 
tallizations, the tartaric acid is then extracted from it. 

The wine lees are collected in bags and then j)ressed. The liquid 
which runs off serves for making alcohol or vinegar ; the pressed l^s 
are dried in the air and cream of tartar is extracted from them with 
hot water, as is done with the other residues, thus obtaining the “ lees 


(1) Cf. Dr, G. CiAPETTi. Industria tartarica. U. Hoepji, Milan, 1907. 
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crystals The lees Vire rich in cream of tartar ; <?oii^aitiing when 

diy from to 60 %/ besides 2 to 20 % of tartrate of calcium. 

Taking wine during its first 6 years Ottavi and Makesoaloiu (1) 
estimate the quantity of commercially, dry lees obtainable at 1 kg. 
per hectolitre of wine. 

Cask tartar is a crystalline deposit left by the wine as iti ages. 
It is rich in bitartrilte of pc/lassium, tartrate of calcium and free 
tartaric acid. 

. On the average, according to the above-numtioned writers, the 
quantity of tartar which is deposited varies, in on(‘ y(*ar, from 150 
to 300 gm. per hectolitre of wine ; in large* c.(dlars, il. may be estimated 
that 10 hectolitres yield on the average 2 kg. of tartiir i>er year. 

According to Soxhlet, the percentage of cream of tartar in the 
tartar varies between 70 anil 75 %, but, it is often less. 

The dregs arc* the residues from the v(‘SS(‘l in which tin* crystal- 
lization of the tartar and the washing of the lees is done. If the o])er- 
ation is properly carried out very little (ueam of tartar i(*mains in 
trifese residues, which have a certain value as fertilizers. 

There are besides the dregs of the neniralisation of the 7mist, carried 
out by means of milk of lime, or of carbonate of lime*, or of alkaline 
substances. These usually collect on the web of the ])ress tilt.ers. 
Their composition varies but they always contains ('aleiurn tartaate, 
bi-tartrate, and neutral potassium tartrate*. 

Tartaric acid is extracted from these by tin* usual metlu)ds. 

To complete the enumeration of tlu* tartaric residues, mention 
may also be made of the crystals of alambic which form in apT)aratus 
for distilling the residues and lees and which are composed of crude 
cream of tartar, 

Sour residues serve for the manufacture of basic acetate of copper, 
used as an efficient fungicide instead of Hul])hate of eoj)i)er and some- 
times giving better results than the latter. It is also used in dye- 
works, for the manufactnre of varnish, etc. 

Under the name “ verdet bleu ” a mixture of neutral acetate and 
basic acetate (containing up tq 33 % of copper) is sold in Frane.e and, 
under the name “ verdet gris ”, a mixture of bi basic and tribasic ace- 
tate (containing up to 50 % of copper). 

At Montpellier (France) verdigris has been manufactured siiK'.e tlie 
XV century by arranging sour residue in alternate layers with oxidiz(‘d 
sheets of copper, in damiJ cellars. Contact lasts for 30 to 40 days, 
at the end of which the copper sheets are removed and the acetate 
formed is detached from them. 

After the residues have been put to all these various uses, or when 
for some reason they are not suitable for such, they are utilised for 
fuel, or put on to the manure-heap (2). 

(1) 1) Of. Ottavi-Mahescaj^chi, 1 rendui della liniiicazione, p 227 Casalo, 1901 
2) P. Co9TE-Ploret. Lea residua de la vemlau^:e. Goulet ot in'?, Montpellier, 1901 

C£. : 1) Comptea rendua de VAcadhnie dea Sciences^ Vol. 146, No, 21. Pari«i, 1917, 

2) Ottavi and MARBScALcfti, op. cit., p, 163. 



34S 


TABS II. 


W I 

As fuel, the 'residues are reckoned to have the same calorific value 
as.peat (3500 to 4000 calories) and about the skme percentage of ash. 
Like peat, they can be treated in special retorts for the production of 
gas for lighting. The grape ^eeds, owing to the fat which they con- 
tain, yield twice as much illuminating gas as the residues. 

The residue from the carbonization of wine lees if not raised above 
red heat constitutes, after washing, Franlcfort ilacJc, charcoal which 
is sold dry and ground as paint. 

It is calculated that the residue from 1 million hectolitres of^wine 
produced is equivalent as fuel to 3200 tons of coal. 


41. — Liquor from tomato pulp. 

This is the liquor ('xtrae.ted by pressing and centrifugation of 
mato pulp. Jt is reddish, sweetish and ferments easily. It can be 
used for making vinegar, but acetic fermentation is difficult to obtain 
be(*uuse it degenerat,es very easily into putrid fermentation. A little 
phosjihate of ammonia is at first necessary to encourage multiplica- 
tion. But even so it is difficult to get a result. 

To accelerate acetification receptacles filled with cork chips or 
parings might be used. 

Cork chips according to Kollee (1) have the property of main; 
taining their elasticity even when w(*t, and in the pores a large number 
of micro-organisms are harboured, among which the bacteria of 
acetification preponderate, so that acetification progresses fairly 
rapidly. 

It may be noted that tiie producti obtained is not; a true vinegar (2) 
as its normal acidity is due to the lactic acid. It ra])idly deteriorates 
as has been said unless kept in full and well sealed bottles. 


42. — Cellulose of liquorice residues. 

Liquorice (Glycyrhiza glabra L.) (fig. 94) is a leguminous plant 
which grows spontaneously in various countries, especially in the South 
of Europe and Asia-Minor. In Calabria and Sicily, it is also culti- 
vated in the vineyards for its roots, which cut in pieces and dried 
are sold to manufacturers of liquorice juice, the many uses of which 
in pharmacy and liqueur making are well known (3). The residue 
from that manufacture is called in Italy “ rifatto di Uquirizia ” (li- 
quorice residue) ; this is the woody part which remains after the juice 
has been extracted from the roots. 

(1) Kollkr Th,, Tho UtilisaiioTi of Waste Products, trails, from the 2nd German oditinn. 
London, Scott, Greenwood and Son, 1918, p. 92. 

(2) Making Vinegar in the Home, U, S. Dept, of Agrio. Washington, March 1, 1919, 

(3) In th© two years 1919-20 Italy exported 1,931.2 m. tone of liquorice root and 1,680 

of juice, for a total value of 27,018,100 liras. Cf. Min. per Kind, e il Commercio. II nostro 
commercio prima e dopo la guerra. Homo, 1922, p. 69. • 
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. ‘ By a method sUidied by S. m Paj.ma (1), still *inore' juice is 
extracted from the “ Hiatto ** and there then reinaina a waste product 
containing 50 % of crude cellulose with fine fibres, of a red brown 
colour. 

This cellulose has been used for making paper, with good results. 
Besides this principal residue, liquorice also leaves a slime on the 
filter strainer. The residue and the slime still ( ontain a perceptible 
amount of glycyrhizin which is ordinarily lost (2). 


43. — Cellulose of cotton stalks (d). 

Jhe stalks of the cotton bush are used as fuel in most cotton pro- 
ducing countries ; in England, the United States and tjgypt attempts 
have been made to extract 
the fibre of the bark whicdi 
has, approximately, the char- 
a<?teristics of jute fibre, but 
without economic r<*sult al- 
though it was recognised in 
Egypt that the long fibres 
could be used like first-class 
Indian jute. 

At the Imperial Institute 
and in the United States 
experiments ha-ve been made* 
in the production of jiaper 
pulp from cotton sialks by 
extraction of the fibre by 
means of a barking maxdiine 
followed by caustic soda treat- 
ment, but the yield was 
scarcely 34-41 % (5 t. of 
stalks gawe 1 t, of bark which 
produced 1500 lbs. of fibre). 

In spite of this the results 
were considered fairly pro- 
mising and worth furtlnu’ ex- 
periment. At the Imperial 
Institute, an examination was 
made of the results of an 
experiment undertaken in 
Egypt for using cotton stalks 
to obtain charcoal and the products of dry distillation. The 
results were fairly good, but it was pointed out that the profitable 

(1) Le Stazioni aperiiifisnlali agrarin italiane. Vol LTV, part. 10-11, Moclona, 15)20. 

(2) Cf, P. Bbrtolo, I difetti dell’attualo prooeflso di lavorazione induetrialo della Li - 
quirleia, in CHorn. di Chim. Ind, ed Appl.t Year III, No. 11, Milan, 1021, 

(3) Bull! of the Imperifil Institute ^ vol. XIX, No. 1. Loudon, lf)21, p. 13 



Fio, 94. — Liquorice. 
From FiuNCfi, np, cit. 
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distillation of cotton stalks depends on the disc^Very of a local market 
for the products, which are chiefly charcoal Und tar. 

As to cost of distillation it was clear that these stalks Constituted 
a material of large volume which requii'cd large capacity in the re* 
torts, even if the stalks were first chopped and pressed. 

Numerous other cellulose residuesri have barn tried or actually 
used in the manufacture of paper ; the long stalks of maize and buck- 
wheat may be instane.ed, as also rice-straw, cotton bolls, cane-'^ash,. 
the coarse fibre of flax and hemp grown for secul, and the refusq^ fmm 
retting of textile fibres in general ; many wild jdants, in pa*rtic|ular 
esparto grass, plant debris of many kinds, etc. etc. (1). 


44. — Extraction of the vegetable pectin of fruit residues (1^). 

Peel, in is a neutral gelatinous substance (extracted from truit, 
and according to Bauer is a mixture of carbohydrates, soluble dn 
water, and due to the transformation which tlu‘ fruit acids bring 
about in the pecto8(‘, not itself soluble. 

Pectin is exl/racied from refuse fruit as from cider lees. These 
arc treated with boiling water or steam, then firmly ])rc8sed and after 
clarification — the lim(‘ being j)re(‘.i])itated with oxalic acid and the 
albumen wii.h tannin — the pectin solution is concentrated in a 
vacuum apparatus up to the recpiired density. 

There are various patents, especially in the United States for puri- 
fying the*, pectin solution and for its employinenij in the manufacture 
of fruit jellies, syrups, etc. 

Once it is sterilised and kept in a well sealed receptacle with 
the air excluded j)ectin solution kee])S for an indefinite time, and it 
is in this form that it is sold by various American manufacturing 
firms (3). 


(1) Cf : 1) oil. J. Brand. Crop PliiiitH for paper making, U. S Dept, Agr Circ, 

No. 82 Iftll — 2) J L. Mkruill Utilisation of American Flax straw in tho Paper and 
Fiber-board Industry : U, Dept of Agric. Bull No 322, 1910 — 3) E H Dewey and 
J L Meiiiull Hemp burds as paper makiiif^ material. XJ S Dep.of Agric. Bull. No. 404, 
1916, 

(2) Cf. : 1) Washington Affric K^pcrini. Stat. Bull 147. Pullman, Washington. "A 
New Method for the preparation of Pectin” — 2) Science^ Vol. 47 (1918) No 1224 : “ A 
Now and Improved Method for obtaining Pectin from Fruits and Vegetables ” — 3) C. A. 
Shinkle Method.s of Manufacturing Preserves, Pickles, etc. Monominee, Michigan. — 
4) Fuemy Enc. Chein Vol. VI, Part II, p 436, Pans 1885 

(3) Among those the following : 1) Schwartzlosc and Bcylik, Los Angeles, (/dlif. — 2) Dou- 
glas Packing Co,, Iloclicster, N. Y — 3) Paoli Tomato Products Co,^ Paoli, Tnd — 4) 0 D. 
Jiogers, Detroit, Mich. — 6) The Orernwald Vinegar Co. St Joseph, Montana (dry pectin mixed 
with sugar). 
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Acornl, 134. 

Active^ carbon (from varions resi- 
dues), *215. 

“ Adeps laiiac ”, 343 
Albui^iii synthetic, 191). 

Alcohol from acorns, '"315. 

Alcohol from “ acque d’infenio ”, 315 
Alcohol from arbutus, 320. 

Aljjohol from asphodels, 316. 

Alcohol from carobs, 320 
Alcohol from certain Arums, 316. 
Alcohol from feather hyacinths, 318. 
Alcohol from horse -chestnuts, 315. 
Alcohol from maize rachides, 313. 
Alcohol from peat, 312. 

Alcohol from prickly ])ear, 319. 
Alcohol from residues, 20, 310. 
Alcohol from cellulose residues, 314. 
Alcohol from sawdust, 311. 

Alcohol from seaweed, 310. 

Alcohol from straw, 313. 

Alcohol from waste wood, 312. 
Alcohol from Avild chervif, 319. 
Alcohol yielding plants, 68. 

Alder, 110. 

Algae, 111/. 

Amaranthus paniculatuft, 60. 
Ammonia (recovery), 299. 
Ammoniacal liquids, 271. 

Animal charcoal, 232, 

Animal glue residues, 250. 

' Animal products (composition, digest- 
ibility, otc.), 205. 

Anise cake, 159. 

Apple residues, 177, 229, 

Apricot and poach kernels, 88. 
Arbutus residues, 178. 

Ashes, 262 . 

Ash from almond husks, 263. 

Ash from Artemisia spp.. 265. 


Ash from fern, 265. 

Ash from primings, 266. 

Ash from sunfloAver stalks, 265. 

Ash from tobacco stalks, 264, 

Ash from Avine-lees, 206. 

Ash tree, fruits of, 136. 

Ash tree, leaA'es of, 110. 

Asjiaragus fruits, 137. 
Asparagus tups, 104. 

“ Avitin ”, 30. 


” Bagano ”, 245. 

Bagasse, 103. 

Baking powder, 26. 

Bark, 184. 

Barley geuins, 169. 

Barley s])routs, 234. 

Beech, 110, 134. 

Beech -mast, 31. 

Beech-mast cake, 156. 

Beet pulp, 163, 166, 231. 
Beet slices, 163. 

Bicarbonate of ammonia, 61. 
Birch, 110. 

Bisulpliitic washijigs, 243. 
Blood, 77, 190, 246. 

Blood (serum), 59. 
Bog-mosses, 118. 

Bone ash, 250. 

Bone-fat, 17. 

Bone-glue, 193. 

Bone raspings, 250. 

Bonos, 30, 249. 

Boots (condemned war), 255. 
Boucherie’s system, 248. 

“ Bourre do laine ”, 252. 
Bracken, 127, 226. 

Brackish water plants, 119. 
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Brans, F54. « 

Bread, 57. 

Btewer’s grains, 234. 

Brewery rcBidiies, 168, 170, 234. 
Brewing waste (composition, di^gest- 
ibility, etc.), 204. 

Broom grass (seeds), 142. 

Broom, 107, 226. 

Buckwheat residues, 86. 

Bulbs, 70. 

Burrs, 142. 

Butterbur, 128. 


Cacao hulls, 83. 

Cacao pods, 229. 

Cake, 228. 

Cake (oil), 164. 

Cake (secondary kinds), 154. 
Camelina cake, 156. 

Cano -trash, 234. 

Caraway (iake, 159. 

Carcas(‘/H, 35, 193. 

Carcases (utilisation of), 19. 

Carcase oil, 30. 

(\ardboard residues, 188. 

Carraghen, 122. 

Cask tartar, 347. 

Castor oil cakt*-, 159. 

Castor oil seeds, 31. 

Celery cake, 1 59. 

(Jellulose factories residues, 188, 
(rclluloso of cotton stalks, 349. 
Cellulose of liquorice residues, 348.. 
(^etraria sp., 110. 

Cliarlock (seeds), 142. 

Charcoal, 183. 

Cheese residues, 196. 

Cherries, residues from, 168. 

Cheriy cake, 158. 

Chestnut leaves, 100. 

(]3iickweed, 125. 

Chicory dust, 189. 

Chimney soot, 267. 

Chrysalids, silk-worm castings, 198. 
Citrus fruit residues, 180. 

Cladonia sp., 110. 

Coal ashes, 267. 


Cockchafer larvae, 198, 199, 257. 
Cocoa Bubst^tutes, 72,* 74. 

Coffee grounds, 189, 24k 
Coffee hulls, 83. 

Coffee substitutes, 24, 72, 74. 
Coriander cake, 159. 

Com -cockle seeds, 142, 146. 
Cornfield weeds seeds, 16. 

Corozo, 180, 181. 

Couchgrass, 26, 126, 142. 

Cotton cake, 59, 62. 

Cotton refuse, 229. ' 

Cotton (seeds), 148. 

Cream of tartar, 346. 

Creeping Thistft, 125. 

Crude ammonia cornpoundfl, 270.\ 
Crystals of alembic, 347. 

Cumin cake, 159. 

Currant residues, 178. 

Currant seeds, 142. 


Dairy by-products and residues, ^6. 
Dairy residues, 196, 251. 

Damaged cargoes, 21. 

Darnel seeds, 146. 

Dale rcisidues, 168. 

Dead insects, 256. 

Dead leaves, 225. 

Deposits from cream separators, 35. 
Desert plants, 132. 

Diffusion liquids, 232. 

Disintegration of straw, 92. 

Distillery residues, 166. 

Distilling waste (composition, digest- 
ibility, etc.), 204. 

Dregs from olive crushing, 239. 

Dregs of the vat, 235. 

Duckweed, 116. 

Dum, 181. 

Dust and residues of tobacco, 229. 
Dwarf Elder (fruits), 139. 


“Edaphoii”, 345. 

Edible oil Buhstitutes, 79. 

“ Eiweisstrohkraftf utter ”, 96. 
Electro -potash, 262. 
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Elm fruits, 136. 

Elm leaves, 100, 110. 
Elm seeds,* 141. 

Elodea, 118. 

Empty pine cones, 228. 


Fagopyrism, 86. 

Falasco, 114, 227. 

FarAvard manure (artificial), 222. 

“ FaChran ”, 83. 

Fat synthetic, 200. 

Fats, 15. 

Fati? (artificial edihle), 20. 

Fats from household refuses, 344. 

Fats from sewage water, 345. 

Fats from soil organisms, 345. 

IJennel cake, 159. 

Ferments, J 71 . 

Ferns, 127, 226. 

Feathers, 197. 

Feather wastes, 254. 

Feed for Live-stock, 28, 80. 

Feeds (composition, digestibility, and 
starch-value), 201. 

Fertilisers, 45, 206. 

Fertilising (‘lements i3roducod in 63 
capittrls, 294. 

Fir, 110. 

Fish-fat, 18. 

“ Fish guano ”, 194. 

Fish meal su])8titute, 3f). 

Fish offals, 35, 193, 244. 

Flax capsules, 88. 

Flax stems, 81. 

Floating Poa, 116. 

Flower Bulbs, 132. 

Flowers used as food, 71. 

Food substitutes, 23, 27, 

Food yeast {Nahrliefen), 58. 

Forest tree fruits, 134. 

Foxglove seeds, 16. 

Frankfort black, 348. 

Fray-Bentos process, 248. 
Fruitboaring trees and bushes, 66, 
67. 

Fruitseed oil, 14. 

Fruit -stones oil, 16. 

Fruits used as food, 72. 


Fucu^, 110, 119, ^12i 
Fungi (feed for stock), 129, 

“ Funori ”, 119. 

Galingale, 227. 

Gorhf«r apparatus residues, 252. 
(xirard's ]>TO(‘-esK. 248. 

Gitagine, 145. 

Glass-makers’ seaweed, 122. 

Glu(‘, 3(K 

Goose loot (seeds), 142, 

Goose grass (seeds), 142, 146. 
(iiram damaged by lire, 231. 
Grape n^sidues, 1(>, 31, 178, 236. 
Gra])e sc'ed cakt'., 178. 

Grape seed oil, 22, 327. 

Grape seeds, 178. 

Griuit Rt«‘d mac^^, 118. 
Ground-nut i)ods, 82. 

Ground pods of beans, 85. 

Gut nduse, 247. 


Hair (disintt‘gra,te,(l), 197. 

Hair waste*, 254. 

Hawthorn fruits, 138. 

Hay flour, 98, 99. 

Hazed, 110. 

Hazel catkins, 108 
Hazelnut e‘.ake, 157. 

Heath, 226. 

Ile-athe‘r, 110. 

He^ather flenir, 31. 

IIe‘.all)e‘r nmal, 106. 

“ Heieleunedil ”, 106. 

Ileini) e*,ake>, 156. 

Hearing re'sielue'S, 245. 
lleved (seieels), 146. 

” He*lzzuedn*rfulter ”, 187. 

Hoofs, waste from, 254. 

Hop residims, 234. 

Hornbeam, 110,137. 

Horns (disintegrated), 197. 

Horns, waste from, 254. 

Horse-heaii straw, 80. 
Horsevchestnut oil, 340. 
Ilorse-edmstnuts, 31, 110, 140, 220. 
Horse fat, 18. 


23 
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HoiiBehol£ refuse, ,182. 

Household refuse (collection), 23, 31." 
Hurnan food, 12, 57. 

Husks, 80, 81. 

Husks and chaff (composition, digdfet- 
ihility, etc.), 202. ’ 

Husks of cojnrnon saw-wort, 87. 
Husks of spelt, 86. ^ 

Iceland moss, 119, 123. 

Industrial products (Irom residues), 
310. 

Industrial waste- products (compo- 
sition, digest ihilif.y, etc.), 203. 
Insects (d(uul), 119. 

Integuments of acorn, 88. 
Intc'guinent-s of cotton seculs, 86. 
Intcsgunients of horst^-l)^^an, 86, 
Intuoduction, 1-5. 

Involucres of seeds of sugar -hect, 85. 
Iodine (from Beawt‘eds), 216, 218. 
Irish moss, 122. 


Jerusahun artichoke stalks, 99. 


“ Kakaomasse ”, 84. 

“ Kauten ”, 119. 

Kelp, 207, 209, 210. 
Knackers’ yai’ds, 248. 

“ Kornlm ”, 119. 

Koufri, ” 289. 

“ Kraftstrolifutt('r ”, 96. 
” Kriegviehiuttor ”, 187. 


Lard residues, 250. 

LaW’ inaria sp., 110. 

Laming’s mixture, 270. 

Laurel (berries), 138. 

Leather scrapings, 29. 

Leather waste, 255. 

Leaves, 100. 

Leaves and haulms (composition, di- 
gestibility, etc.), 201. 

Leaves and root -collars, 231. 

Leaves (collection in ^Uermany), 32. 


Leaves (dead)j^^*225. 

Leaves of various plants, 110. 
Lemnma sp., 110. ^ 

Lees from decantation, 169. 

Lees of wine, 172. 

Legislative and' Administrative mea- 
su^res, etc., 

Leguminous plants, 66, 67. 

Lemon and orange seeds oil, 16.^ 
Lentisk oil, 342. 

Tjosser Bindweed, 125, 129. ^ 

Lesser Keed mace, 118. 

Lichens 110, 118, 119, 311. 

Lime tree, 110, 136. 

“ Idme sulphur”, 272. 

Liquor from tomato pulp, 348. \ 

Liv(uwort8, 118. 

Lobsters, 196. • 

Lupin (seeds), 147. 


Madia cake, 157. 

Maize germs oil, 22. 

Maize raebides and sterns, 99. 

Maize residue, 166. 

Male fern, 110. ^ 

Maple, no. 

“Marog” 289. 

Marsh jdants, 227. 

Marsh recMis, 227. 

M(‘al irom slaughterJiouse offal, 35. 
Meat (as manure), 247. 

Meat (substitutes), 78. 

Mercury (Annual), 125, 129, 131. 
Melon seed oil, 334. 

“ Menhaden ”, 246. 

“ Milk lemonades ”, 76. 

Mill dust, 47, 244. 

Mill sweepings, 244. 

Milling waste (composition, digest- 
ibility, etc.), 203. 

Mistletoe, 110. 

Molasses, 20, 164, 166, 233, 265. 

“ Morchione ”, 239. 

Mosses, 118. - 

Mountain Ash (fruits), 138. 

Mulberry, 1 10. 

Mussels, 196. 

Mustard cake, 159. 
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Karcisine, 133. S 

“ Natron zellulose 189. ' 

Nettle, 126. * 

Nettle fibre, 127. 

Nettle flour, 126. 

Nettle seeds, 143. ‘ 

Nettle-tree, 101. 

^‘Nioodust”, 230. 

“ Nico^ulphur ”, 230. 

“ Niootane residues of iobiicco ”, 230. 
“Norgiti’, 124. 

Norway guano, 245. 

“ Nut^tivoIJSquassi ”, 180. 

Nutritive substances in pods, 90. 
Nutritive substances in husks, 90. 


om, no. 

Oat straw meal, 60. 

Outs by-products, 20. 

“ Oelkleie, 88. 

“ Olsaatabfalle ”, 88. 

Offal-fat, 19. 

Offals (vegetable), 225. 

Oil from apple pips, 323. 

Oil from apricot kernels, 336. 

Oil from arbutus s(^ed, 323. 

Oil from artichoke seed. 323. 

Oil from asparagus seed, 324. 

Oil from beech -mast, 340. 

Oil from bilberry seed, 324. 

Oil from blackberry seed, 339. 

Oil from buckthorn seed, 324. 

Oil from cedar seed, 324. 

Oil from charlock seed, 323, 

Oil from cherry kcriuds, 336. 

Oil from Chili seed, 323. 

Oil from cypress seed, 324. 

Oil from dwarf mountain pine seed, 
324. 

Oil from elm seed, 323. 

Oil from Euonymus seed, 323. 

Oil from grape seed, 327. 

Oil from horsti-chestnuts, 340. 

Oil from kaki seed, 323. 

Oil from kapok seed, 323. 

Oil from lemon pips, 339. 

Oil from lentisk, 342. 

Oil from lime tree seed,, 323, 


Oil from maize, 324. * 

Oil from melon seed, 334. , 

Oil from mountain ash berries, 338. 
Oil ^om okra seed, 324. 

Oil from olive kenuds, 326. 

Oil from orange pips, 339. 

Oil from poach kernels, 336. 

Oil from pips, 323. 

Oil from piiU'StM^d, 324. 

Oil from jiluin kernels, 336. 

Oil from j)umpkin seed, 334. 

Oil from raspberry s(‘ed, 335. 

Oil fnnn Ted-eiirranl seed, 338. 

Oil from ric'.e, 326. 

Oil from rie,(^ bran, 326. 

Oil from sdkwtutu chrysalids, 344. 
Oil from sprucj' secal, 324, 341. 

Oil fiom spnrry S(^(m1, 323. 

Oil from strawberry seed, 335. 

Oil from tobacco seed, 331. 

Oil Irom waternulon si*,ed, 334. 

Oils from Iriiit stones, 22. 

Oils irom k(un(‘JK, 326, 336. 

Oils from ])larit residues, 320. 

Oils Jroin s(‘-(\d re.sidmss, 322, 

Oils from wild ])hintK, 324. 
Oleaginous plants, 68. 

Olive husks, 237. 

Olive kernel oil, 326. 

Olive oil rc'sidncs, 159, 

0]iv(i oil residues (as fertiliser), 

240. 

t)liv(^ oil residues in Euroiie, 162. 
Olive pruning rc^sidnes., 105. 

Olive rc'sidue eake, 159. 

Olives, production in Eurojus 162. 
Opuntia, 113, 265, 319. 

Oracbe. ash, 263. 


Pacilic k(*lp, 211, 213. 
J^iperinaking residues, 243. 

Parings from vegetable ivory, 180. 
Paniigs of turn][)s, 104. 

Parsley seeds, 143. 

“Pastazzo”, 339. 

Pea-straw, 80. 

Pear residues, 177. 

Peat (absorbent), 290. 
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Peat 267? •* 

IJectin of fruit reBidues,, 350. 
PlioBpho-giiano, 245. 

Pine tree needles, 101. 

Plane, 110. * 

Prants containing starch, etc., 66, 
67. 

Plants for leaves, steins, eio\ 65. 
Plants used as human food, 67. 
Plants used for omcdets and cakes, 
71. 

Plants used lor soups, 71. 

Plants yielding (ul, 322. 

Plantain seeds, 144. 

Plum-stone caUt^, 158. 

Pods, 80, 82. 

Pods of l)lack inedicago, 86. 

Pods of the guango, 85. 

Pods of wild radish, 85. 

Pods of wild rape, 87. 

Pomace, 167, 235. 

Pondweed, 116. 

Poplar, 110. 

Poppy capsules, 88. 

Fosidonidf 217. 

Potash from blast furnace dust, 259. 
Potash from bananas, 264. 

Potash from cement, 261. 

Potash from keif), 210, 213, 215. 
Potash Iroin pinch ly pear, 265, 
Potash from saltwmiks, 258. 

Potash from industrial waste, 258. 
Potash of wool scour w^ater, 268. 
Potato haulms, 81, 150. 

Potato waste, 150, 166. 

“ Poudro ” (fertiliser), 47. 

Prickly Pear slabs, 112, 227. 

Pulse, 73. 

Pumpkin seed cake, 158. 

Pumpkin schhI oil, 16. 

Quitch grass seeds, 142. 

Rabbit flick, 248. 

“ Red-bran ”, 83. 

Red pine seeds, 16. 

Reed flour, 115. 

Reed grass, 114. 


c 

Reed maoe^llB. 

Residuary ilquids (dairy), 251. 
Residues of grapes flour, 176. 
Residues of gas works, 270. 
Residues of sugar refineries, 163. 
Residues of s'(in flower heads, 89. 

“ ?loRsels ”, *245. 

Retting water from flax, etc., 242. 
Rhizomes, 70. 

Rhubarb loaves, 104. 

Rice bran and husks, 152. , 

Rice bran eakci, 160. 

Rice husk distillation, 215. 

Rice straw, HI. 

llobinia pseudo -acacia, 110. 

Roots, 70. \ 

Root wasliingvS, 231. 

Unshes, 117, 227. f 


” Saccliarogeiie ”, 233. 

Salads, 71. 

“Salino”, 238. ; 

Salmon olTals, 246. 

Saponine, 140. 

Sawdust, 184, 225, 290. 

” Scbillrohriuehl,” 1 15. 

Scirpns, 117 . 

Seoteli f)int*. 

Scrapings of skins and hides, 193, 
242. 

Screenings, 133. 

Scum from carbon atation, 231. 

S(*,al guano, 248. , 

Seaweed, 100, 119. 

Seaweed (cultivation), 216. 

Seaweed (as direct fertiliser), 217. 
Seaweed fertilisers, 207, 219. 
Seaweed glue, 119. 

Secondary kinds of cake, 154. 

Sedges, 227. 

Sediments from the separator, 251. 
Seeds of wild plants (composition), 
149. 

Seeds (unspecified), 141. 

Seeds used as food, 72, 

Service -berry residues, 177. 

Service tree, 110. 

Sewage wafer, 296. 
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Shell fiBh refiLse, 35. ^ 

Shoots, 100. . 

ShrimpB, 196. 

Silk waste, 262. 

Silkworms, 198, 256. ^ 

Slaughter-house offals, 18, 19, 21, 190, 
246. • 

Slime, 302. 

Sludge, 296, 299. 

Soapwdlpd, 132. 

Soda celFulose, 189. 

Sorrel Dock seed, 144. 

Sowthistle, 125. 

Spanish Chestnut, 110. 

I^ent oxide, 270. 

^ent tan, 242. 

Spice substitutes, 72, 70. 

Spifnaeh seed, 142. 

Spoilt milk, 196. 

Spruce, 110. 

Spruce seed oil, 341. 

Spurry seeds, 142, 144. 

Stalks of herbaceous plants, 226. 
Starch and fecula (rc^sidues from), 
151. 

Starch manufacture w^aste (composi- 
tion, digestibility, etc.), 204. 

Starch n^sidues 228. 

Sterns (young), 71. 

Straw, 80. 

Straw (composition, digestibility, etc.), 

202 . 

Straw (converted into fertiliser), 222. 
Straw (disfnteg rated), 92. 

Straw (fertiliser), 221. 

Straw filters (for sewage), 223. 

Straw flour, 34. 

Straw in the two hemisirhereB, 91. 
Straw -manure, 221. 

Straw meal ,03. 

Straw of cereals, 80. 

Straw of leguminous plants, 80. 

Street sweepings, 182, 303. 

“ Strohstoff ”, 95. 

Substitutes (Food), 23, 27. 
Substitutes for cocoa, 72, 74. 
Substitutes for coffee, 72, 74. 
Substitutes for edible oils, 79. 
Substitutes for meat, 78. 


Substitutes for spiedfe, f2, 76. 
Substitutes for tea, 72, 74. • 

Substitutes for tobacco, 75. 

Siigiy beet leaves and root-collars, 

102, in. 112. 

Sugar beet seeds, 143. 

Sugar (^laiie l(*aves, 103. 

Sugar rtifineruAK revsiduew, 163, 231. 
Sugar refining waste (composition, 
digestibility, etc.), 204. 

Sugar yielding ])lantiB, 66, 67. 

Sumac leav(‘s, 198. 

Summciland Ex])i‘riment Stat., 210. 
Sunflow'ei cake, 15.5. 

Sunflower oil, l(i. * 

“ Supersoltn 272. 

Syntlndie al}>umin, 199. 

Syuthetic fat., 209. 


“ Taffy ”, 216. 

“ Tafia ”, 289. 

Tallow residues, 259. 

Tanning i el use, 241. 

Tan (spent), 242. 

“Taiigil", 124. 

Tankage, 394. 

T(‘a leaves (nH(‘d), 229. 

3V,a (substitutes), 72, 74. 
Teinuline, 140. 

Tenehrio ynolilor larvae, 199. 
Tin-works bran refuse, 199. 
Tobaeeo asli, 264. 

Tobacco cake, 158. 

Tobacco dust and residiu^s, 229. 
Tobaceo-B(‘.ed oil, 335. 

Tobacco substitutes, 75. 

Tomato -seed oil, 331. 

Tomato residues, 178, 241. 

Toiinan^ ”, 245. 

Town refuse, 393. 

Tuberous rhizomes, 70. 

Tubers, 70. 

Turnips (parings of), 104. 
Twigs, 100. 

“Ulex”, 230. 

Usnea, sp., 110. 
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Vegetable ivory (paringB), 180. 
Vegetable oHalB, 225. 

Verdigris, 347. 

“Vinasses”, 167, 235, 230. 

Vine leaves and shoots, 105. , 

Wall-flower seed, 10. 

Walnut eake, 157. 

Walnut sIk'IIr, 88. 

Washing residues, 100. 

Washing watcirs, 152. 

Waste and residue statisties, 51. 
Waste for Livestoe.lv feeding, 40. 
Wask! from potatoes, 150. 

Waste liquids and sediment in the 
8tq)arators, 232. 

Waste products (composition, digest- 
ibility, (dc.), 201. 

Water Soldier, 120. 

Watercress, 110. 

Waters (slaughter-house), 248. 
Weeds, 125, 131. 

Whale guano, 245, 248. 


Wheat gorija, 61. 

Whey, 106. 

White goosefoot, 125. 

White mclilot seed, 142. 

White water-lily, 116. 

Wild Mustard seed, 142, 145. 

Wild plants *ior human food, 64, 
Willow, 110. 

Willow inflorescences, 108. 

Willow leavciS, 10(t 
Wine lees, 172, 237, 346. 

Wood ashes, 183. 

Wood sliavings, 184, 225. 

Wool tat, 343. 

Wool waste, 252. 


Yeast, 58, 01, 171, 178, 235. 
Yellow water lily, 116. 

Young l)e6cheR, 108. 


“ Zelluloseiifiittei 08. 
Zosteni sp., 110. 
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